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INTRODUCTION 
In the past, corn producers have attempted a number of cultural and 
chemical methods for increasing crop yields. Recently, a major trend has 
been to improve yields by increasing the number of plants grown per acre. 
This objective has been accomplished by decreasing the distance between 
rows and by decreasing the space between plants in the row. Within limita­
tions such as proper soil conditions, a favorable climate, and operational 
expenses, corn producers have found it profitable to plant large acreages 
with high plant populations. Under these expanded, monocultural conditions 
the western corn rootworm (Dlabrotica virgifera) and the northern corn 
rootworm (Diabrotica longicornis) have become more serious economic pests 
of corn in the Corn Belt. 
It seems likely that additional corn acreage will be subjected to high 
plant populations in the future. Although the relationships between high 
populations and corn plant factors have been relatively well studied, the 
potential effects of this intensive cropping practice upon corn insect 
pests are poorly understood. A search of the published literature revealed 
no specific information concerning relationships between corn rootworms and 
plant population levels. Therefore, an evaluation of some of the inter­
relationships among corn rootworms, plant populations, and selected plant 
factors was believed justified; 
Another relatively recent agricultural trend in the Corn Belt has been 
the decline in the use of established crop rotation management and an 
increase in the monocultural production of a few, high-value cash crops. 
With increased fertilizer stress resulting from intensive cropping practices. 
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and with the increased availability and reduced cost of commercial fer­
tilizers, fertilizer management practices have changed significantly. One 
of the major changes has been an increase in the use of the nutrient 
elements nitrogen, phosphorus, and potassium to maintain soil fertility 
levels under plant stress conditions. 
In the published literature little or no information could be found 
concerning the possible influence of soil fertility on the biology of corn 
insect pests in general, or corn rootworms in particular. However, a 
recent unpublished study (by F. T. Turpin of Iowa State University) in­
dicated the possibility of a rootworm-soil fertility interaction and 
suggested further investigation. 
A plant population study was conducted in 1967, 1968, and 1969 at the 
DeKalb Research Farm near Dayton, Iowa. A primary objective of this study 
was to evaluate the influence of corn rootworms upon specific characteris­
tics of selected inbred and single-cross corn varieties planted at various 
population levels. Factors which were evaluated included root-system 
damage, root-system size, secondary-root groiJth, ear production, root lodg­
ing, and grain yield. Each factor was evaluated under both mild and severe 
levels of corn rootworm infestation. 
In addition, the relationship between plant population level and corn 
rootworm abundance and oviposition was investigated. Corn leaf samples 
also were examined for the purpose of analyzing the nutrient element status 
of selected corn varieties in response to plant population pressure. 
In 1968, a field study was conducted on a number of sites in western 
Iowa to evaluate possible interactions between soil fertility levels and 
corn rootworms. One of the objectives of this investigation was to 
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evaluate the relationship between various rates of applied nitrogen, 
phosphorus, and potassium fertilizer elements and the abundance of corn 
rootworms. 
A second objective was to study the relationship between rates of 
applied N, P, and K nutrients and root-system damage resulting from the 
feeding activity of corn rootworm larvae. 
Root-system size also was evaluated in relation to varying levels of 
applied fertilizer elements in plots which had been treated with a corn 





The literature contains a number of specific articles and comprehen­
sive reviews dealing with the factors which influence corn production. The 
book Advances in Corn Production; Principles and Practices, edited by Pierre, 
Aldrich, and Martin (1966), deals exclusively with this topic. More recent 
reviews of specific aspects of corn production have been written by Desselle 
(1967) and Christensen (1963). Voss (1969) prepared an excellent review of 
the literature concerning the specific areas of soil, plant, management, 
and climatic factors involved in the production of corn. Although Voss 
treated these factors individually, he emphasized that it is the summation 
of all these factors, through direct influence and interaction with other 
factors, which actually determines the quantity and quality of the crop. 
Plant-population related factors 
Changes and improvements in fertilizers, corn hybrids, tillage, weed 
control, and other far= zanagszent practices have helped to make it rel­
atively easy and inexpensive to grow high plant populations. Recommended 
plant population levels with today's hybrids and fertility programs are 50 
to 100 percent higher than in the days of open-pollinated varieties and low 
rates of fertilizer applications (Rossman and Cook, 1966)• The large amount 
of available literature dealing with plant population is a good indication 
of the increased emphasis which has been placed on this topic. Stringfield 
(1962) estimated that well over 200 studies relating to plant population 
had been published. This number has increased considerably in the last 8 
years. 
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Corn population studies were reported from Connecticut, Illinois, and 
Indiana as early as 1889 (Rossman and Cook, 1966). Richey (1933) sum­
marized early plant population studies and concluded that the optimum stand 
for corn was higher as one proceeded from south to north, from low to high 
moisture supply, from low to high soil productivity, and from genetically 
larger to smaller plants. Stringfield and Thatcher (1947) reported similar 
conclusions. Literature on corn population and planting studies conducted 
prior to 1950 has been adequately reviewed by Shubeck and Caldwell (1955). 
Open-pollinated corn varieties and relatively low rates of fertilizer 
application were the bases for recommended rates and patterns of planting 
used in the early 1940's. Interest in the effects of plant population was 
renewed as hybrids replaced open-pollinated varieties and fertilizer rates 
were increased. Dungan et al. (1958) reviewed 115 publications pertaining 
to row spacing and plant population studies in corn production. They 
encountered great variation in results from year to year and location to 
location, depending upon environmental and climatic conditions. Rossman 
and Cock (1966) also stated that results of plant population experiments 
in any given state did not necessarily apply to other states due to varia­
tions in climatic, soil, and corn hybrid factors. 
Grain yield The consensus of the literature is that plant popula­
tion does not exert a large influence on corn yield independent of other 
factors, particularly fertility, soil moisture, and several management 
factors (Voss, 1969). Rossman and Cook (1966) stated that for a given 
hybrid, grain yields generally increase as population levels were raised 
until one or more factors (available plant nutrients, water supply, soil 
fertility, soil organic matter, cultural practices, climate, light, and 
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others) became limiting. Termunde et al. (1963) also reported that the 
interaction between plant population and other factors was not always pos­
itive over a wide range of population levels. Today the major emphasis in 
corn production research is being placed upon increasing grain yields by 
reducing the effects of the limiting factors. Factors relating to soil 
fertility and moisture appear to be the first to limit response to increas­
ing plant population levels. The average farmer generally has some control 
over plant variety, fertilizer, and other cultural practices but relatively 
little control over climate and moisture. 
Published results of population experiments from various states showed 
very few examples where yields continued to increase above plant population 
levels of 18,000 to 20,000 plants per acre unless the fields were irrigated 
(Rossman and Cook, 1966). Investigations in Iowa before 1910 showed that 
stands of 10,000 to 13,000 plants per acre were needed for best yields with 
open-pollinated corn (Duncan, 1954). Rossman and Cook (1966) reported that 
highest yields were obtained with plant populations of 15,000 to 20,000 
plants per acre in Iowa, Illinois, Indiana, Kansas, Minnesota, Michigan, 
New York, Ohio, and Wisconsin during the 1950's and early I960's. Termunde 
et al. (1963) found that plant production reached a maximum at 12,000 to 
16,000 plants per acre in eastern South Dakota. They also stated that 
under dry conditions maximum yields may be associated with very low popula­
tion levels. Similar findings were reported from Alabama, Arkansas, 
Florida, Mississippi, Missouri, North Carolina, Tennessee, and Texas 
(Rossman and Cook, 1966). According to these authors, 304.6 bushels per 
acre, the highest reported yield in the United States, were produced in 
Mississippi in 1955 with a population of 25,000 plants per acre. 
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Increased use of irrigation is often cited as making higher plant 
populations more feasible. Beer et al. (1967) reported that irrigated 
acreage in Iowa increased from 3,600 to 80,000 acres over a 10-year period 
beginning in 1953. They also stated that the potential for more irrigation 
was especially good along the Missouri River and that there may be a use 
for irrigation in central Iowa. With irrigation, plant population levels 
of 20,000 to 24,000 plants per acre were reported to produce the highest 
yields in Kansas, Nebraska, North Dakota, Oregon, and Washington (Rossman 
and Cook, 1966). Colville et al. (1964) reported a yield of 230 bushels 
per acre in one irrigation experiment in Nebraska, at a plant population of 
24,000 plants per acre. 
Fayemi (1963) reported on the limits of corn plant populations in the 
tropics. Studying population levels ranging from 4,800 to 24,000 plants 
per acre in Nigeria, Fayemi found that yields generally decreased above a 
population of 14,500. Normal yields at this peak population level were 
only 18 bushels per acre in a savanna zone and 36 bushels per acre in a 
rain forest zone. 
Field microclimate The effects of increased plant population levels 
and reduced row spacing on corn yield are primarily brought about by asso­
ciated changes in the field microclimate. Important microclimatological 
factors associated with corn production have been studied singly and in 
combinations by a number of investigators (Colville, 1968; Yao and Shaw, 
1964; and Moss and Stinson, 1961). 
Moisture stress appears to be one of the main factors limiting higher 
yields as plant populations are increased. Allison (1969) reported that 
soil moisture stress increased directly as plant populations increased from 
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9,000 to 30,000 plants per acre. The critical period in corn plant 
development occurs during flowering and early ear development. A defi­
ciency of moisture during this critical period can be expected to have a 
greater effect on yield than if it occurs earlier or later in plant 
development (Rossman and Cook, 1966) . Denmead and Shaw (1960) reported 
that moisture stress during tasseling and silking reduced yields 50 percent. 
Beer et al. (1967) also reported that, with respect to yield, soil moisture 
is especially important around silking time. They found that corn yields 
were suppressed when the moisture level in the rooting zone fell below 60 
percent of the available water-holding capacity of the soil. Yao and Shaw 
(1964) reported higher water requirements for populations of 28,000 than 
for those of 14,000 plants per acre but the increased water use was much 
smaller than the stand increase. The efficiency of water use was found to 
be higher with high populations. Baker and Musgrave (1964) found that 
moisture stress could reduce photosynthesis and could decrease permeability 
of the leaf to carbon dioxide and increase carbon dioxide diffusion resist­
ance between the stomata and chloroplasts. 
Colville (1958) reported that increasing populations up to 20,000 
plants per acre significantly increased relative humidity within the field. 
The evaporative power of air within a corn field was drastically reduced 
as the population level was increased from 8,000 to 28,000 plants per acre. 
The literature dealing with the effects of increased plant population 
on the utilization of light, prior to 1966, has been adequately reviewed by 
Rossman and Cook (1966). In general, as population levels were increased 
and row spacings reduced, more radiant energy appeared to be intercepted by 
corn leaves for photosynthetic purposes. As more radiant energy was 
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captured by corn leaves, less light reached the soil surface to cause 
evaporation of valuable soil moisture. Denmead et al. (1962) reported that 
at 16,000 plants per acre and after maximum leaf development, net radiation 
reaching the ground on a clear day constituted only 25 percent of the total 
net radiation measured above the crop. It was estimated that row spacings 
of less than 40 inches could increase the energy available for crop photo­
synthesis by 15 to 20 percent. Colville (1968) found that light reaching 
the soil and the amount of water loss by evaporation were reduced as popula­
tions were increased up to 20,000 plants per acre. 
Although more net radiation is absorbed by a corn crop at high popula­
tions, there is increased shading of leaves. According to Rossman and Cook 
(1966), shading effects may counterbalance some of the advantages gained 
from more net radiation. Stinson and Moss (1960) concluded that the 
differential yield response of various hybrids tested was, in part, a 
differential response to shading. Moss and Stinson (1961) found that the 
main effect of shading corn plants, whether by artificial or natural means, 
was to reduce grain yield by affecting normal growth and development of 
the silks. 
Nitrates absorbed by plants become involved in protein synthesis 
through light-requiring reactions. Activity of nitrate reductase, the 
major enzyme involved in the conversion of nitrates to proteins, has been 
found to be depressed by low light intensity (Rossman and Cook, 1966). 
Allison (1969) reported that photosynthetic activity of corn leaves was 
reduced as populations were increased. The greater mutual shading and 
increased senescence of leaves with increased population levels put a limit 
on the amount of dry matter available to the ears. 
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Colville (1968) found that soil temperature was significantly reduced 
by plant canopy shading as population levels were increased. He stated 
that lowered soil temperatures may have an influence on bacterial activity 
and thus may affect the availability of plant nutrients in heavy plant 
populations. 
The depressing effect of weeds upon corn yields has been well docu­
mented but the exact degree of this depression is often difficult to 
determine. Colville and Burnside (1963) reported that narrow row spacings 
and higher populations per acre reduced weed yields because of increased 
shading of ground surfaces. Colville (1968) also stated that excessive 
light reaching the soil surface contributed to weed growth and reduced corn 
yields. In general, the literature suggests that yield reductions in corn 
vary greatly, depending upon weed infestation levels, fertility, and 
climatic conditions (Dunham, 1964; and Staniforth, 1957). 
Plant characteristics Plant population affects several corn plant 
characteristics in addition to grain yield. Although some of these effects 
may be small, others are of considerable importance. Richey (1933) reported 
that, at maximum stand levels, interplant competition had a tendency to 
cause near or complete barrenness in some of the plants. Lang et al. (1956) 
found that ear weight was less affected by increased plant population than 
was the number of barren plants. Barrenness was also influenced more by 
population stress than by hybrid or soil fertility factors. Mortimore and 
Wall (1965) and Sharma and Gupta (1968) also reported that barrenness was 
increased as population levels were increased. Russell (1968) reported 
that multiple-eared varieties showed resistance toward barrenness at high 
population levels. 
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Richey (1933) reported that increasing plant populations cr the op­
timum level for peak yield resulted in reduced tillering. Several early 
studies mentioned in Rossman and Cook (1966) showed that development of 
tillers was favored by low population levels and that removal of tillers 
reduced yields. However, excessive tillering in fertile fields during dry 
years reduced development of the main stalk. 
The literature contains a number of reports that, at high plant-
population levels, silking is frequently delayed 1 to 5 days, whereas 
tasseling and pollen shed are usually less affected. Thus, the interval 
between pollen shed and silking is increased. Poor timing of pollen shed 
with silk emergence can result in reduced grain fill on the ears. Exces­
sive retardation of silking may lead to complete barrenness (Rossman and 
Cook, 1966). 
Ear size and weight have been shown by many investigators to decrease 
as population increases. Rossman and Cook (1966) stated that, as plant 
population was increased, ear size remained more constant for prolific 
hybrids than it did for single-eared varieties. Colville (1962) found that 
reduction in the number of ears per 100 plants was one of the major factors 
contributing to yield response under increased population. Ears per 100 
plants decreased from 102 at 12,000 plants per acre to 74 at 28,000 plants. 
The average decrease was 268 ears for each 4,000 plant increase in popula­
tion. 
The literature reveals that the protein content of corn grain is 
generally reduced as plant population increases. The extent of this reduc­
tion is largely determined by soil nitrogen levels (Rossman and Cook, 1966) . 
A study in 1948 by Earley and DeTurk also emphasized that higher plant 
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populations were an important factor in lowering the protein percentage in 
com grain only when soil nitrogen was inadequate for maximum grain yield 
(Rossman and Cook, 1966). 
There is general agreement among researchers that lodging increases 
as corn plant populations are increased. Shubeck and Caldwell (1955) 
reported that increasing the population from 3,556 to 14,224 plants per 
acre in Minnesota increased lodging from 0.5 to 8.9 percent. Comparable 
results have been reported from most of the other Corn Belt states. Zuber 
and Grogan (1956) found that stalk lodging more than doubled for each 4,000 
plant increase above 8,000 plants per acre. Termunde et al. (1963) stated 
that high plant populations increased stalk lodging by decreasing stalk 
diameter. Zuber and Dicke (1964) reported that increasing plant populations 
from 8,000 to 24,000 plants per acre resulted in decreased rind thickness 
and stalk-crushing resistance. Colville and Burnside (1963) reported more 
lodging from high populations of drilled corn than from checked or hill-
dropped plantings. Increased mutual support in checked and hill-dropped 
corn, and the presentation of a more solid wind barrier by the drilled 
corn, were cited as factors creating lodging differences. 
Plant disease Many types of disease may attack a corn plant if 
environmental conditions favor the pathogen. The diseases of corn include 
seed and seedling rots, stalk rot, smut, leaf blight, ear rot, and virus 
diseases (Voss, 1969). Mortimore and Wall (1965) found that increasing 
plant population levels resulted in increased stalk rot, especially after 
the plants had reached physiological maturity. Evidence indicated that one 
of the major factors predisposing plants to stalk rot was a depletion of 
food reserves within the stalk. This depletion resulted primarily from 
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excessive interplant competition, early senescence of leaves-and stalks, 
and removal of nutrients from stalks and leaves by the maturing ears, 
Sharma and Gupta (1968) also reported that stalk rot reduced stands in 
high population studies. In a study by Wilcoxson and Covey (1963) the size 
of stalk rot lesions in plants inoculated with Fusarium and Diplodia in­
creased as corn plant populations were raised. In 1960, these researchers 
found smut-infested plants to be more prevalent at a population of 3,925 
than at 15,700 plants per acre. Smut infestation was found to be more 
severe at the lower population level. Rutger and Risins (1966) reported 
that the percentage of smut infestation increased as plant population in­
creased from 20,800 to 29,200 plants per acre. They concluded that the 
degree of smut tolerance or intolerance of an individual hybrid is depend­
ent upon its reaction to increasing population density and that planting 
pattern may also have some influence. Ullstrup (1966) pointed out that, 
when all the facts are considered, com is still a relatively healthy crop 
in the United States with few instances of limited production due to disease 
over an appreciable area. 
Insect pests Corn, like most crops, serves as a host for many 
specific insects. All parts of the corn plant are susceptible to insect 
attack at some time during the growing season. Petty and Apple (1966) 
wrote a comprehensive and descriptive report dealing with the insects which 
utilize the corn plant as a food source. Metcalf et al. (1962) also 
presented much information concerning insect pests of corn- Among the more 
damaging of the Corn Belt insects are the European corn borer and the corn 
rootworms. 
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Although much has been written concerning chemical and cultural 
control methods for corn insect pests, little information could be found 
which dealt specifically with the effects of plant population upon these 
pests. Ficht (1932) studied the influence of plant population level upon 
the biology of the European corn borer. He found that increasing corn 
plant populations did not increase the number of eggs deposited per plant. 
Larval survival improved as stand increased. The amount of plant feeding 
injury done by corn borer larvae was found to be inversely proportional to 
stand thickness. Scott et al. (1965) reported a 3-year study of the effects 
of first-brood European corn borers upon single-cross varieties grown at 
populations between 7,000 and 21,000 plants per acre. In all 3 years, the 
percentage of yield loss was greatest at the highest population level. 
Apparently more plants per acre led to better survival of the first-brood 
larvae. 
In a search of the literature, no information was found concerning the 
relationship between plant population level and the influence of corn root-
worms upon corn varieties. Eiben (1567) investigated methods of selecting 
corn varieties which exhibited tolerance to rootworm feeding damage. How­
ever, no reference was made concerning the possible influence of varied 
plant population levels. 
Soil-fertility related factors 
The large-scale use of commercial fertilizers for crop production, in 
the North Central Region of the Corn Belt, is a relatively recent develop­
ment. Unfavorable economic conditions, lack of suitable commercial fer­
tilizers, and adherence to traditional cropping practices have been primary 
reasons for the slow acceptance of this farm management practice. 
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In recent years, there has been a trend away from established crop 
rotation management and toward the monocultural production of a few, high-
value cash crops. With increased fertilizer stress brought about by 
intensive monocultural practices, and with increased availability and reduced 
cost of commercial nutrients, fertility management practices have changed 
significantly in the Corn Belt. 
Nitrogen One of the most valuable and widely used commercial 
fertilizers is nitrogen. According to Kurtz and Smith (1966), nitrogen is 
needed in large amounts for high yields of corn in intensive systems of 
agriculture. They also stated that the achievement of adequate supplies 
of nitrogen fertilizers at reasonable cost and their acceptance by farmers 
is one of the major developments in the progress of American agriculture. 
Voss (1969) stated, "...that nitrogen plays a major role in determining 
corn yield is a fact undisputed today." Long (1953) observed that nitrogen 
was the plant nutrient required in the greatest quantity by corn. He cal­
culated a 100-bushel per acre corn crop would require 160 pounds of N, 55 
pounds of ?2^5» 111 pounds of K2O per acre. 
Prior to World War II, nitrogen for crop production in the North 
Central Region came almost entirely from naturally occurring organic matter 
in the soil and from symbiotic nitrogen fixation by leguminous crops (Kurtz 
and Smith, 1966). Shrader et al. (1966) conducted experiments in Iowa to 
test the hypothesis that corn yields over wide ranges of cropping systems 
varied only because of differences in available nitrogen. Rotations rang­
ing from continuous corn to a rotation with 3 years of legume meadow 
between corn crops were tested. First-year corn, following meadow or oats, 
gave the highest yields and had the most available nitrogen. Continuous 
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corn production was found to produce low yields and to create conditions of 
low nitrogen availability. Krantz (1949) reported that nitrogen was the 
first limiting factor encountered under conditions of continuous corn 
production. Since 1949, varied responses to nitrogen have been reported 
for com (Hanks and Tanner, 1952; Nelson, 1956; Jordan et al., 1958; Zuber 
and Dicke, 1964; and Desselle, 1967). 
Most investigators have found that the degree of plant response to 
nitrogen is greatly influenced by climatic conditions and naturally occur­
ring nitrogen (Voss, 1969). In general, the response of corn to applied 
nitrogen increases under favorable climatic conditions and decreases as the 
amount of soil nitrogen increases. Many articles in the literature refer 
to interactions between nitrogen and other soil nutrients, either applied 
or indigenous. Voss (1969) stated that the effects of any one soil 
fertility factor are not independent of the effects of other soil fertility 
factors and all must be considered together. 
Phosphorus A second major soil nutrient that is considered essen­
tial for successful corn production is phosphorus. Caldwell and Ohlrogge 
(1966) published a comprehensive report on the major aspects of phosphorus 
fertility requirements in corn. Although the response of corn to applied 
phosphorus fertiliser lacks the consistency of its nitrogen response, 
Krantz (1949) reported that phosphorus responses of significant magnitude 
can occur on soils that are low in initial phosphorus supply. Interactions 
between phosphorus fertilizer and other nutrient elements have frequently 
been reported in the literature (Robertson et al., 1954; Olson et al., 1962; 
Ward et al., 1963; and Nielsen et al., 1963). According to Caldwell and 
Ohlrogge (1966), the efficiency of applied phosphorus will be enhanced if 
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there is some nitrogen in the ammonia form with the phosphorus. The 
effects of temperature and moisture on phosphorus utilization in corn have 
been reported by Knoll et al. (1964). Christensen (1968) found that, 
response to soil P increased as available soil moisture increased, but 
that under limited soil moisture, applied P resulted in more efficient use 
of this moisture. Olsen et al. (1961), however, reported that phosphorus 
response of com in Kentucky was largely independent of the effects of 
June plus July rainfall over a 12-year period. 
Potassium A third major nutrient element important in the produc­
tion of corn is potassium. According to Barber and Mederski (1966), little 
potassium fertilizer was used when midwestern soils were first cultivated. 
Corn usually obtained enough potassium from natural soil sources. The need 
for potassium fertilization arises because only a small amount of the total 
soil potassium supply is available in an exchangeable form for plant use. 
The chemical incorporation of potassium into plant tissues, followed by 
removal of all or parts of these tissues during harvest operations, also 
creates a need for supplemental potassium fertilization. 
Generally, the response by corn to applied potassium on Iowa soils has 
not been favorable and frequently yield depressions have been recorded, 
particularly where an unbalanced fertilizer combination has been applied 
(Voss, 1969). However, Barber and Mederski (1966) reported that only 
nitrogen exceeds potassium in total pounds applied annually to corn in the 
Corn Belt. Response to applied potassium has been largely correlated with 
soil potassium levels by Krantz (1949) and Hanway et al. (1962). Grimes 
(1966) suggested that first-year com following meadow can be expected to 
respond to applied potassium more often than second-year, or later, corn. 
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Grimes further suggested that, if corn stover is returned to the soil, its 
K will diffuse rapidly and completely into the soil, thus acting like the 
addition of commercial fertilizer potassium. 
Insect pests As man has advanced agricultural developments, such 
as plant breeding, improved soil fertility practices, irrigation, and 
insecticides, to enhance corn production, insects have successfully adapted 
to each new environment. According to Petty and Apple (1966), at least 50 
insect species feed on the corn plant at various times during the year. 
The annual economic loss attributed to these corn pests in the United States 
exceeds 300 million dollars. 
There are relatively few reports in the literature relating to inter­
actions between soil fertility levels and insect pests of corn. Haseman 
(1946) studied the influence of soil nutrients on the chinch bug, green­
house thrips, and the greenbug. The chinch bug and the greenhouse thrips 
were found to prefer, and survive better on, corn plants grown on a 
nitrogen deficient soil. Greenbug survival was adversely affected by soil 
nitrogen deficiency. Deficiency of P, K, Ca, or Mg reportedly had no ill 
effects on any of the insects studied. Haseman also stated that each 
insect had its own specific nutritional requirements and might survive bast 
on shortages of certain minerals. Haseman (1946) theorized that by lower­
ing the total level of soil nutrients through overcropping, erosion, and 
faulty crop rotation, conditions were systematically made more favorable 
for insect pests than for crops, livestock, and man. Although improved 
insect control may be possible through improved management of soil fertil­
ity levels, Haseman (1950) stated that European corn borer populations 
generally were greater on highly fertile soils. 
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Zuber and Dicke (1964) found that by increasing the level of applied 
nitrogen from 0 to 80 actual pounds per acre the number of feeding lesions 
produced by first-brood European corn borer larvae was also increased. 
Scott et al. (1965) stated that the addition of nitrogen fertilizer appar­
ently increased survival of first-brood corn borer larvae. Cannon and 
Ortega (1966) studied the survival of first- and second-generation larvae 
of the European corn borer on susceptible (WF9 x M14) and resistant (Oh43 x 
OhSlA) corn hybrids subjected to various levels of nitrogen and phosphorus. 
They reported that survival of first-generation larvae on the susceptible 
hybrid was 10 times greater at 200 ppm than at 10 ppm nitrogen. However, 
survival of first^generation larvae on the resistant hybrid was not affected 
by the amount of applied nitrogen. Few first-brood larvae survived on 
plants of either hybrid that received 2.5 ppm or less phosphorus nutrient; 
survival at 10 ppm was triple that at 2.5 ppm, but did not improve at 
concentrations of 20-80 ppm. Under similar nutrient conditions, survival 
of second-generation larvae closely paralleled that of the first brood. 
From field trials. Cannon and Orcega (1566) concluded that survival of 
European corn borer larvae was influenced by the amount of phosphorus in 
the soil. 
Little information is reported in the literature which indicates that 
corn rootworm infestation and subsequent damage to corn are directly 
related to the level of soil fertility. However, Turpin^ has evaluated 
root-damage and root-size ratings in relation to a number of soil prop­
erties from plots distributed over the State of Iowa. Turpin reported 
^Personal communication with F. T. Turpin, Iowa State University, 1970. 
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that rootworm damage ratings on sites where corn followed corn, showed an 
increasing trend as soil nitrogen increased, especially at the lower levels 
of N. There was a definite increase in rootworm damage ratings as soil 
K was increased but no observable trends were found as soil P was increased. 
The soil fertility experiments reported in this dissertation were initiated 
after the first few years of the state wide survey. 
Corn Rootworm Bionomics 
A brief review of the pertinent aspects of corn rootworm biology is 
necessary for an understanding of the insect-plant interactions involved. 
A general review of the literature dealing with the biology of the 3 root-
worm species has been prepared by Olson (1968). Consideration of such 
cultural practices as fertility and plant population management in rela­
tion to corn rootworm influence also justifies a general review of cultural 
methods practiced for rootworm control. 
The low incidence of southern corn rootworms, Diabrotica undecim-
punctata howardi, in the study areas, and some features of their biology, 
precluded their consideration in this study. The general biology and life 
cycle of the northern (Diabrotica longicornis) and western (D^. virgifera) 
corn rootworms are known to be quite similar. Both species are univoltine, 
overwinter in the egg stage, and their larvae are largely restricted to 
feeding on the roots of corn. Because of these similarities, their general 
biology will be reviewed concurrently. 
Oviposition biology 
Eggs of the northern and western corn rootworm species are generally 
deposited in cornfields from late July or early August until the first 
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killing frost in late September or early October (Forbes, 1894; Tate and 
Bare, 1946; and Ball, 1957). Forbes (1894) reported that D^. longicornis 
females instinctively singled out a corn plant when seeking a place to 
deposit their eggs. Forbes also stated that although some eggs may be 
deposited outside of cornfields, the majority were laid at the corn sites 
before the beetles were forced to leave the corn in search of other food. 
Tate and Bare (1945) reported that most northern corn rootworm eggs were 
deposited near, or in contact with, cornstalks and were often placed among 
the brace roots, under soil aggregates, or in other protected places. 
Sisson and Chiang (1964) found that D. longicornis eggs were more con­
centrated around the corn plant than elsewhere in the field. Patel and 
Apple (1967) reported that 88 percent of D^. longicornis eggs were in the 
upper 7.5 cm of soil prior to plowing. Chiang et al. (1969) studied the 
distribution of D. longicornis eggs around the com plant in the row and in 
the space between rows. They reported that the greatest concentration of 
eggs was near the base of the corn plant. Ball (1957) conducted caged-
plant studies in Nebraska and found approximately 23 percent of western 
corn rootworm eggs were laid in the upper 2 inches of soil, 58 percent in 
the upper 4 inches, and 80 percent in the upper 6 inches. Chiang (1965) 
found 90 percent of northern and western corn rootworm eggs in the upper 
10 cm of soil. Kirk et al. (1968) studied D_. virgifera oviposition in 
relation to soil particle size, soil aggregates, cracks, moisture, and 
ground cover. It was reported that oviposition by the western corn root-
worm was definitely influenced by the nature of the soil surface, and that 
there was a preference for soil where the diameter of the majority of the 
particles exceeded 1 mm. The larger soil particles were about the size 
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of the beetles and thus afforded some degree of isolation during ovi-
position. Adult females of the western species were also found to prefer 
naturally occurring cracks in dry surface soil as oviposition sites. The 
beetles entered the cracks and oviposited in the moist soil near the bottom 
of these openings. Where there were neither cracks nor clods because of 
soil type or recent summer rains, female D_. virgifera usually sought ground 
cover for oviposition (Kirk et al., 1968). Cornstalks appeared to have no 
special attraction other than as a protective cover in fields where there 
was no vegetation other than corn. It was concluded that weedy or trashy 
spots would probably receive more eggs per unit area than clean areas in 
the same field. Kirk et al. (1968) showed, in laboratory tests, that D_. 
virgifera preferred clumps of foxtail to fallen corn leaves and cornstalks 
as oviposition sites. Since both northern and western rootworm species 
prefer moist areas for oviposition, variation in egg numbers per unit area 
in the field can be expected to result from differences in the level of 
moisture at the field surface. 
Larval biology 
Rootworm hatch in Iowa can generally be expected between the first 
week in June and the first to third week in July, The time of hatching is 
closely related to spring and early summer environmental conditions. The 
young larvae must quickly find a suitable host plant or they will starve. 
The principal host for corn rootworm larvae is the corn plant. 
Painter (1951) stated that northern and western rootworm species were not 
known to feed upon any plant except corn. Dicke (1955) reported that root-
worm adults deposited eggs in fields other than corn, but that entomologists 
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generally assumed the larvae emerging from these eggs would not reach 
maturity unless corn roots were available as food. Branson and Ortman 
(1967) conducted intensive laboratory and field tests to determine the 
host range of western corn rootworm larvae. They found that D^. vigifera 
larvae could successfully survive and develop on non-corn hosts such as 
green and yellow foxtail, Minter and Selkirk wheat, Omugi barley, and Oahe 
intermediate wheatgrass. However, there was little doubt that corn was 
the most favorable host for larval development. Branson and Ortman also 
stated that they did not believe an economically damaging rootworm popula­
tion would arise from the potential hosts tested. It was concluded that 
these plant species could serve to add to the general rootworm population 
level and maintain a residual population for buildup on corn. In the same 
study, Branson and Ortman concluded that the fecundity of D. virgifera 
females and the viability of their eggs did not appear to be reduced when 
they were reared as larvae on hosts other than corn. 
Root damage by corn rootworm larvae continues from early June until 
late July and early August. Bryson et al. (1953) reported that this period 
can vary depending upon the season, soil conditions, and other environ­
mental factors. In general, the feeding period of rootworm lar^/ae coincides 
with the peak period of corn root development. Apple and Patel (1963) 
reported that larvae of D. longicornis feed on the adventitious roots of 
the corn plant. Rossman and Cook (1966) stated that northern and western 
rootworm larvae can be found feeding on and within recently developed crown 
roots just below the ground surface. Eiben (1962) reported that corn roots 
of nodes 5 and 6 were the roots most frequently attacked by rootworm larvae. 
A study by Sechriest (1969) showed that larvae of D^. longicornis were found 
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predominantly in the upper 4 inches of the soil and within 4 inches of the 
corn plant. Partial or complete loss of roots due to rootworm feeding pre­
disposes the corn plant to lodging. Lodging may seriously affect yields 
from the standpoint of poor ear formation and difficulty in mechanical 
harvesting. 
Suttle et al. (1967) conducted experiments designed to investigate 
movement of western corn rootworm larvae in the soil over distances of 10, 
20, 30, and 40 inches. Larval movement was found to occur over all the 
distances studied. It was concluded that in a field of corn some western 
corn rootworm larvae, regardless of their horizontal distribution in the 
soil, would be able to seek out and attack a corn root system. Short and 
Luedtke (1970) performed similar larval migration experiments but used 
different methods. They concluded that, regardless of where corn rootworms 
are found in relation to the row, larvae are potentially capable of reach­
ing the corn root system under present production practices. 
Adult biology 
Adults of the western and northern corn rootworm species appear in 
early to mid July and are generally present in cornfields until late 
September. The first food of the newly emerged adults consists of the 
softer plant tissues. Ball (1957) stated that early feeding by D_. virgifera 
adults occurred on the surface of corn leaves. Later, as silks and tassels 
develop, northern and western beetles move to these areas for the major 
portion of their feeding. Ball also mentioned that D_. virgifera adults 
preferred a cool sheltered habitat in which to feed. Rossman and Cook 
(1966) reported that as few as 5 rootworm beetles per ear could damage the 
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silks enough to adversely influence pollination. In the fall, as the 
silks and tassels begin to dry, the beetles may attack the husks and 
kernels at the ear tips. A few beetles may also be found feeding on the 
pollen of weeds in the cornfield or feeding in the blossoms of alfalfa, or 
many flowers of the family Compositae. 
Cultural Control Considerations 
Olson (1968) reviewed the literature on cultural practices and their 
effects on corn rootworm abundance. The cultural methods considered 
included crop rotation, soil fertility, time of planting, fall and spring 
plowing, and clean cultivation. The use of crop rotations was shown to be 
the most effective of the cultural methods with respect to corn rootworm 
control. 
Whenever corn is grown year after year on the same field, the potential 
for an economically important rootworm infestation is greatly increased. 
Under these conditions, the performance of corn hybrids can be evaluated 
with respect to their response to rootworm attack. Eiben (196?) tested the 
performance of a number of inbred lines and single-cross hybrids for their 
tolerance to rootworm infestation. The varieties used represented a wide 
range of root characteristics including root-system size, root angle, and 
secondary growth. The ability of the varieties to recover from rootworm 
damage and the development rate of the root systems during the period of 
attack were also considered. Eiben stated that an integrated approach, 
combining rootworm tolerant hybrids and chemical control methods, could 
enable the farmer to decrease the amount of insecticide used and increase 
the effectiveness of cultural practices. Subjection of the rootworm popula­
tion to multiple stresses could possibly reduce it to a non-economic status. 
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METHODS AND PROCEDURES 
Plant Population Study Sites 
The plant population studies were conducted in 1967, 1968, and 1969 
at the DeKalb Research Farm near Dayton, Iowa. Fourteen selected inbred 
lines were planted each year of the study. An equal number of single-
cross varieties also was included in the plant population-rootworm study 
in 1968 and 1969. During each of the 3 years all corn varieties were 
planted at 3 different population levels. In 1967, only inbred lines were 
included in the study. These varieties were planted with a goal of 15,700, 
31,400, and 47,100 plants per acre. In 1968, inbred and single-cross 
varieties were planted at the 1967 plant population levels. The 1969 
planting goals were decreased to 15,700, 24,000, and 31,400 plants per 
acre. This population decrease represented an attempt to bring the 
experimental populations more within the realm of current com production 
practices. The desirea stand levels (from lowest to highest) were attained 
by spacing the plants at 20-inch, 13-inch, 10-inch, and 6.7-inch intervals, 
respectively. All the corn was planted at the rate of 2 kernels per drop 
with a hand planter. Wherever necessary., the corn stands were thinned to 
1 plant per hill when the plants were approximately 6 inches high. A row 
width of 20 inches was maintained throughout the study. 
During each of the years the plant population experiments were conduc­
ted, the corn inbreds and single-cross hybrids were grown at 2 different 
sites, which provided contrasting experimental conditions. One site, 
which had been planted with a trap crop of late corn the preceding season, 
was considered to have a moderate to heavy rootworm infestation level. The 
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second site was planted on ground which, due to previous cultural or 
chemical practices, was considered to have only a light rootworm infesta­
tion. 
Within each site the individual corn varieties were planted at 3 
population rates. Each population level contained 2 ranges and each range 
included seven 4-row plots (i.e. each range included one-half of the 14 
inbred or single-cross varieties). Two replications of each population 
level were made at each site. Rows 1 and 4 were used for making counts of 
rootworm life forms and for determination of root feeding damage by rootworm 
larvae. The center 2 rows of each plot were used in making stand and lodg­
ing counts and for determination of yield. 
In early July of 1967 and in mid July of 1968 and 1969, rootworm 
larvae samples were taken from row 1 of the 4-row plots in the plant 
population study area. A No. 3 hog ring was used to fasten a Dennison 4G 
manila tag to the base of the plants selected for rootworm sampling. Each 
manila tag was stamped with a specific code number. A linoleum knife was 
used to top the corn stalk a few inches above the tag. A spade, with a 
blade 7 inches wide, was used to remove each corn root system from the soil. 
Each plant sample consisted of a central root system and a surrounding 
7-inch cube of soil. The root system and the soil cube were placed in a 
10-quart galvanized pail and carried to a central location to be examined 
for rootworm life forms. 
To process a rootworm sample, the soil cube was broken up and passed 
through 1/2-inch hardware cloth onto a tarpaulin. Any excess soil remain­
ing attached to the root system was shaken loose by gently tapping the 
plant against the 16 x 16 x 6-inch wood frame which held the hardware cloth. 
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The tarpaulin and soil were placed on a portable field table and the soil 
was manually and visually examined for rootworm life forms. Each plant-
soil sample was examined by a pair of observers. 
The number of rootworm life forms (larvae, prepupae, pupae, and adults) 
found in the soil or on the roots was recorded on the manila tag attached 
to the corresponding root system. In 1967, the tagged plants were trans­
ported to the laboratory, washed free of soil, and assigned visual ratings 
for relative root damage and root-system size. No provisions were made to 
account for any larvae which may have been hidden within the roots. The 
1968 root samples from each plot were placed in plastic bags and stored 
until they were washed and rated. All rootworm larvae found in the bags 
were added to the corresponding plot totals. A slightly different proce­
dure was followed in 1969. The root systems from each plot were transported 
in plastic bags to the laboratory where they were placed in modified 
Berlese funnels. The funnels were fashioned from 1-quart, plastic freezer 
containers. The bottoms of the containers were removed and replaced with 
1/4-inch wire mesh and the funnels were fastened to a board with their 
bottoms suspended above a container of water. The entire assembly was then 
placed in a hot greenhouse. As the root systems dried out, larvae which 
had tunneled into the roots were driven out and fell into the water where 
they could be seen and counted. Combined larval numbers from the plastic 
bags and the Berlese funnels were then added to the field totals for the 
individual plots. 
During early August, plants were tagged and removed from row 4 of the 
plant population study plots. As much soil as possible was knocked from 
the root systems in the field, with care being taken not to break off the 
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individual roots- The root systems were transported to the laboratory 
where they were washed free of soil. Each system was then visually 
examined and rated for rootworm larvae feeding damage and for root-system 
size. 
Each tagged root system was assigned a root-damage rating based on the 
1 to 6 rating scale developed at Iowa State University. The 6 categories 
used in evaluating rootworm damage were as follows: 1 — root systems 
showing no visible damage or with a few minor feeding scars; 2 — some 
roots of the system with feeding scars but with no roots eaten off to 
within 1-1/2 inches of the plant, or with 1 to 2 shortened roots if the 
rest of the system was relatively free of damage; 3 — several roots eaten 
off to within 1-1/2 inches of the plant, but never the equivalent of an 
entire node of roots destroyed; 4 — one node of roots or the equivalent 
completely destroyed; 5 — 2 nodes of roots completely destroyed; 6 — 3 or 
more nodes of roots completely destroyed. 
Size ratings were a value judgment of the size of a root system in 
comparison with the ether root systems in the experiment. Root systems 
representative of each size category were selected prior to rating and used 
as "standards" for evaluating the remaining systems. If significant root-
worm damage was present this tended to reduce size ratings. The 6 cat­
egories used for size ratings were as follows: 1 — an extremely small 
root system and often root lodged in the absence of a rootworm infestation; 
2 — a system larger than a 1 rating but still not large enough to enable 
the line to stand well under normal circumstances; 3 — an average-sized • 
system; 4 — a system larger than a 3 which stands well under normal 
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circumstances or slight stresses; 5 — an extremely large, vigorous system; 
6 — an outstanding root system larger than a 5 rating. 
In 1968 and 1969 the inbred and single-cross varieties were assigned 
a rating value for secondary-root growth and root angle. The rating of 
secondary-root development was based on the following 1 to 5 scale; 1 — a 
system in which there was no development of secondary roots; 2 — a system 
in which a small amount of secondary-root growth was evident; 3 — a system 
showing an amount of secondary-root development comparable to WF9, and one 
in which the crown roots were easily separated when cut from the crown; 
4 — above-average development of secondary roots but development not as 
profuse as in category 5; 5 — extremely profuse growth of secondary roots, 
soil was difficult to remove during washing, and the crown roots of the 
upper nodes were very difficult to separate when cut from the plant. A few 
exceptional root systems were rated as 6*s in comparison to the other 
systems from the same site and date. 
Root-angle ratings were an estimate of the angle the crown roots made 
with the stalk of the corn plant. The upper 2 or 3 nodes of crown roots 
had a greater influence on this rating than the roots of the lower nodes. 
This criterion was difficult to evaluate when the plants were badly damaged 
by rootworm feeding or were badly lodged. The 5 root-angle ratings were 
as follows: 1 — upper 2 to 3 nodes of crown roots nearly parallel with 
the soil surface or at approximately a 90-degree angle with the stalk of 
the plant; 2 — upper crown roots at an angle of approximately 23 degrees 
from the soil surface or 77 degrees from the stalk of the plant; 3 — upper 
crown roots at a 45-degree angle with the soil surface and stalk of the 
plant; 4 — upper crown foots at an angle of approximately 68 degrees with 
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the soil surface or 22 degrees from the stalk of the plant; 5 — upper 
crown roots almost perpendicular to the soil surface or almost parallel 
with the stalk of the plant. 
Prior to harvest in the fall, the 2 center rows of each 4-row inbred 
and single-cross plot were examined for both total plants present and the 
number of plants which were root lodged. A plant was considered to be 
lodged if the stalk was leaning at an angle greater than 30 degrees from 
the vertical at its base. The lodging for each 4-row plot was expressed 
as a percentage and was calculated as follows: lodging percentage = number 
of plants leaning 30 degrees or more divided by the total number of plants 
in the plot multiplied by 100. 
The harvesting procedures employed were the same in each of the 3 
years the plant population study was conducted. Ears in the center 2 rows 
of each 4-row plot were picked by hand, husked, and dropped into an onion 
sack suspended from a belt worn by the harvester. Each bag with its con­
tents was weighed in the field on a dairy scale suspended from a portable 
tripod. The scale was adjusted to account for the average weight of the 
onion sacks. The weight of the ears from each plot was recorded and the 
number of harvested ears in each onion sack was determined. Because some 
of the inbred lines produced such low grain yields, it was established that 
only ears with 6 or more kernels would be counted and included in the plot 
totals. A representative sample was taken from randomly selected harvest 
ears in each plot to test for moisture. The moisture samples were obtained 
by manually rubbing the ears over a small corn sheller which removed 2 rows 
of kernels. The shelled kernels from each inbred and single-cross plot 
were placed in plastic-lined moisture bags until they could be tested in a 
Steinlite Moisture Tester. The moisture percentages and ear weight data 
were later used in calculating the corrected yield values. 
Rootworm Egg Sampling 
In the spring of 1969, corn rootworm egg samples were taken from the 
plant population study areas to determine if the 1968 com inbred varieties, 
or their population densities, had influenced corn rootworm oviposition. 
Samples were taken from the inbred plots only. It was believed that the 
inbred lines and population levels would adequately reveal any trends 
present. 
Soil samples were taken in early May from each of the 3 population 
levels of all 14 inbred varieties planted the previous season. Both the 
rootworm infested and the insecticide treated areas were included in the 
study. Egg samples were removed from near the middle of row 3 in each of 
the 4-row inbred plots and all 84 plot samples were taken from the east 
side of selected corn plants. 
Rootworm egg samples were obtained with a soil-core cylinder designed 
by Dr. E. T. Hibbs of Iowa State University. The stainless-steel cylinder 
was 29 inches long and had an overall diameter of 4 inches. The top of the 
cylinder was fitted with 2 handles which were used for rotating the core 
sampler as it was being forced into the soil. A small metal side arm was 
soldered to the outside of the cylinder 6 inches above the cutting edge. 
This prevented sampling at a depth greater than 6 inches and helped to 
maintain equality of sample size. The cutting edge was slightly narrower 
than the main portion of the tube. This difference in diameters prevented 
the soil core from lodging tightly in the sample cylinder after it had been 
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cut. To remove a soil core from the sampling device, the cylinder was 
inverted and the core allowed to slide out the top of the tube into a 1-
quart plastic freezer container. The plastic container was just large 
enough to hold an entire egg-sample core. A tight-fitting cap was placed 
on each sample container to prevent spilling and loss of moisture during 
transportation to the laboratory. All samples were frozen until they could 
be processed and the number of rootworm eggs determined. The laboratory 
technique used for separating rootworm eggs from the soil was that described 
by Olson (1968). This egg sampling process, with only slight modifications, 
was repeated in November of 1969 after rootworm oviposition was completed. 
Leaf Analysis 
In 1968, corn leaf samples were taken from the plant population study 
sites at the DeKalb Research Farm for the purpose of analyzing the leaf 
nutrient status of 3 selected inbred varieties (B59, B65, and Oh43) in 
response to plant population pressure. Their response was expected to be 
representative of the other inbred lines. 
One-half of the leaf analysis samples were taken from corn that was 
planted on rootworm infested ground (i.e. ground which had been planted 
with a trap crop of late corn the previous season). The remaining samples 
were from corn planted in an area which, due to chemical practices, was 
considered to have few corn rootworms. 
In the rootworm infested area, nitrogen, phosphorus, and potassium 
fertilizer nutrients were applied at the rate of 30, 100, and 100 pounds 
per acre, respectively, prior to spring plowing. Atrazine and 200 addi­
tional pounds of 32 percent N were then broadcast over the rootworm area. 
No other fertilizer treatments were applied. 
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In the area considered to have very few rootwonns , N, P, and K were 
applied prior to spring plowing at the rate of 35, 140, and 140 pounds per 
acre, respectively. After plowing, 250 pounds of 32 percent N was disked 
in with Atrazine - No additional fertilizer nutrients were applied. Bux 
10 at a rate of 3 pounds actual toxicant per acre was applied as a broad­
cast treatment for com rootworm control. 
All com leaf samples were taken on August 2, and each sample consisted 
of single leaf blades from 12 individual plants. In all instances, the 
corn leaves selected for nutrient analysis were those growing opposite and 
below the main ear shoot. The time of sampling coincided with the mid-
period of silking for the 3 inbred lines used in this analysis. Detailed 
tests of the leaf sample nutrient levels were obtained through the coopera-
tion of the Agrico Company of Humboldt, Iowa. 
Soil Fertility Study Sites 
In the summer of 1968, a field study was conducted to evaluate possible 
interactions between soil fertility level, corn rootworm abundance, and 
damage to corn roots. This investigation was performed in conjunction with 
fertilizer-corn response experiments conducted by Dr. Ronald E. Voss, 
formerly of the Department of Agronomy at Iowa State University. From 
among 17 western-Iowa sites used by Voss, 7 were selected for rootworm 
investigations, on the basis of previous crop history and time, manpower, 
and cost considerations- These 7 sites were within the Marshall and 
Monona-Ida-Hamburg soil associations in Cass, Harrison, Mills, and Woodbury 
counties. The general soil type of the study area was a silty loam which 
had been developed from deep loess deposits under the influence of prairie 
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vegetation. The soil in these associations is generally characterized as 
being low in nitrogen, high in potassium, and slightly acidic with a pH 
range of 6.0 to 6.5. None of the selected study sites had received manure 
or commercial fertilizer during the previous year and no limestone had been 
applied for at least 2 years. 
Each site was divided into 27 plots which were 8 rows wide and 30 feet 
long. One-half of each plot was treated at planting time with Bux® (3:1 
mixture of m-(l-methylbutyl) phenyl methylcarbamate and m-(l-ethylpropyl) 
phenyl methylcarbamate) at the rate of 1 pound actual toxicant per acre, 
while the other half was untreated. The experimental fertilizer treatments, 
6 of which were replicated at each site, consisted of 19 different combina­
tions of nitrogen, phosphorus, and potassium. Thus, 25 of 27 plots at each 
site were fertilized while 2 were not. No other nutrients were applied to 
the experimental plots. Commercial fertilizers were used to supply the 
desired amounts of N, P, and K and were applied as the solid form of ammo­
nium nitrate (33.5-0-0), concentrated superphosphate (0-46-0), and muriate 
of potash (0-0-60), respectively. All treatment combinations of N, F, and 
K were formulated on a weight basis and were broadcast over each plot 
immediately before plowing in the spring. Each of the nutrients was 
applied at 5 different levels: nitrogen, 0 to 200 pounds per acre at 50-
pound increments; phosphorus, 0 to 60 pounds per acre at 15-pound incre­
ments; and potassium, 0 to 120 pounds per acre at 30-pound increments. The 
25 fertilizer treatments were randomized over the plots at each of the 7 
study sites. The randomization was different at each site and the treat­
ments were assigned according to a "1-1/2 cube" with the "star points" 
replicated statistical design. This particular form of a central composite 
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design was developed for Dr. Voss by Dr. Wayne Fuller, Iowa State University 
Professor of Statistics and Economics. 
DeKalb XL361, a 3-way-cross hybrid com of medium maturity was planted 
at all of the study sites. This hybrid has been proven in Iowa Corn Yield 
Tests to be consistently high yielding and well adapted to the southwestern 
area of the state. All corn was drill-planted, in rows spaced 38 or 40 
inches apart, by the cooperating farmers. The planting rate was determined 
primarily by the cooperator. Although a population level of 16,000 plants 
per acre was suggested, some variation occurred from site to site. Excess 
plants were rogued from the more heavily populated plots to produce uniform 
stands within the study sites. Cooperators were encouraged to maintain 
good weed and insect control and conventional tillage procedures were 
adopted at all locations. 
Fertility Influence on Rootworm Abundance 
Two of the 7 study sites were examined in early July to evaluate the 
possible relationship between soil fertility level and corn rootworm abun­
dance. The 2 sites, Cass 42 and Harrison 38, were selected on the basis 
of a preliminary investigation which had shown that they had a fairly high 
rootworm infestation level. The sites were examined on July 6 and 7, 
respectively. Ten plant samples were taken from the half of each plot 
which had not been treated with insecticide. A total of 270 samples was 
taken at each of the 2 sites. 
At the Cass 42 site, 4 samples were taken 4 feet from each end of 
rows 5 through 8 in all the plots. Care was taken to avoid removing plants 
from the 20-foot portions of rows 6 and 7 which had been marked off by 
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Dr. Voss for yield determination. Two additional samples were taken from 
near the center of row 5. This row was preferred to row 8 because it was 
closer to the center of the plot and was considered less likely to show a 
border effect with respect to fertility or rootworm infestation. Rootworm 
samples at the Harrison 38 site were taken in a similar manner but were 
from rows 1 through 4. The 2 additional samples came from near the center 
of row 4 for reasons cited above. The portions of rows 2 and 3 marked off 
for purposes of yield determination were avoided. 
The method of sampling for rootworm larvae in the western-Iowa fer­
tility experiments was similar to that described for the plant population 
study. Each sample consisted of a 7-inch soil cube dug from around a cen­
tral, tagged corn plant. As previously described, the soil cube surrounding 
the corn root system was broken up, the soil passed through 1/2-inch hard­
ware cloth onto a tarpaulin and examined for rootworm life forms. 
The 10 corn root systems from each plot were placed into a single 
plastic bag and were returned to the laboratory. Any rootworm larvae found 
in the plastic bags were added to the appropriate plot totals. Each root 
system was washed free of soil with water under pressure and was visually 
examined for evidence of corn rootworm feeding damage. 
Fertility Influence on Rootworm Damage 
To further evaluate the influence of varying fertility levels on root 
damage by corn rootworms, 5 root-system samples were taken on August 6 
from each of the 27 plots at all 7 study sites. Each root-system sample 
was tagged and dug as previously described but, because most of the root-
worm population at each site had developed beyond the larval stage, no 
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attempt was made to examine the soil for rootworm forms. As much soil as 
possible was knocked from the systems in the field by means of a 4 x 4 x 12-
inch wooden beating block. The root systems were then returned to the lab­
oratory, washed free of soil, and assigned visual-rating values for rootworm 
feeding damage and root-system size using the rating scales previously 
described. 
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RESULTS AND DISCUSSION 
Root-Syst'em Damage 
Varieties 
The analysis of variance for root-damage ratings (Table 1) indicated 
that there were highly significant (0.01 level) differences among varieties 
for root damage in the 1967 and 1969 inbreds. This indicated that some of 
the variation in root-damage ratings can be assigned to a differential 
response, by the 14 varieties, to rootworm larval feeding damage. The 
majority of this variation can probably be explained by inherent genetic 
characteristics of the inbred lines. Important root-system characteristics 
were believed to be those related to root-system morphology (the number and 
size of the roots produced) and to the ability of the systems to produce 
new roots once rootworm feeding damage had occurred. The data in Table 2 
reveal that although there were significant varietal differences in damage 
ratings for the 1967 and 1969 inbreds, the range of damage-rating values 
(per plant) was not great. However, it should be noted that the values in 
Table 2 represent an average for each variety over 2 levels of rootworm 
infestation and 3 plant populations. Table 3 gives a more detailed picture 
of the differences in damage ratings for the inbred lines. 
Variation in root-damage ratings appeared to be as great in the 1968 
inbreds as in the 1967 and 1969 lines. Lack of statistical significance 
in this instance was believed to be associated with the large error mean 
square value (Table 1). Such a high error mean square makes it difficult 
to state that variation in damage ratings in the 1968 inbreds was due to 
varietal differences alone. The LSD comparisons indicate differences but 
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Table 1. Mean squares from analysis of variance of rootworm damage for 
inbred and single-cross corn varieties at Dayton, Iowa, plant 
population study sites in 1967, 1968, and 1969 
Inbreds Single Crosses 
Source of Variation df 1967 1968 1969 1968 1969 
Varieties (A) 13 5.3** 14.6 8.5** 8.1 1.1 
Populations (B) 2 2.2 168.8** 25.8** 20.2* 19.7** 
Sites (C) 1 1121.2** 1621.9** 133.9** 1554.3** 10.0** 
Replications/Sites (D) 2 1.0 57.6** 11.6** 3.2 6.0* 
Pop. X Sites (BC) 2 13.2** 66.6** 3.0 2.8 4.6* 
Pop. X Reps./Sites (BD) 4 1.4 1.6 1.6 1.5 4.1* 
Var. X Sites (AC) 13 6.1** 37.0** 4.4* 7.9 1.5 
Var. X Pop. (AB) 26 2,5 4.2 2.6 3.9 0.8 
Var. X Pop. X Site (ABC) 26 4.3** 6.9 1.5 5.4 1.2 
Error 78 2.1 11.0 2.3 5.3 1.4 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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Table 2. Root-damage rating per plant for inbred corn varieties. Dayton, 
Iowa, 1967, 1968, 1969 
Variety 1967 1968 1969 
A239 3.92a^ 3.46 2.81 
A556 4.11a 3.00a 2.00a 
A632 4.36 3.04a 2.22a 
B14A 4.50 3.06a 2.50 
B37 4.36 3.21 2.64 
B57 4.17a 3.17 2.08a 
B59 3.78a 2.38a 2.28a 
B65 4.33 3.54 2.25a 
B67 3.94a 2.94a 2.00a 
N6 3.86a 2.98a 2.28a 
Oh43 4.17a 3.14 2.47 
Oh51A 4.31 3.25 2.81 
SDIO 4.25 2.96a 2.08a 
W64A 3.94a 2.92a 2.08a 
Hralues followed by an "a" are within LSD 0.05 range of the best 
inbred variety for the year. 
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Table 3. Root-damage rating per plant for inbred corn varieties at 3 
plant populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 










































































































































































Table 3 (Continued) 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Moderate Heavy Light Moderate 
B67 1 3.17 4.17 2.00 2.50 1.67 2.33 
2 3.50 4.67 3.50 3.38 1.67 2.17 
3 2.83 5.33 3.25 3.00 2.00 2.17 
N6 1 3.17 4.67 2.88 2.12 1.17 2.50 
2 2.17 4.67 2.00 4.00 1.50 2.50 
3 3.50 5.00 2.12 4.75 2.33 3.67 
0h43 1 3.17 5.17 2.00 4.12 1.67 3.17 
2 3.33 4.67 2.00 3.88 1.83 2.83 
3 3.33 5.33 2.38 4.50 2.33 3.00 
Oh51A. 1 3.50 5.33 1.75 3.62 2.00 3.50 
2 2.83 5.67 1.88 4.88 2.33 3.17 
3 2.83 5.67 2.50 4.88 2.33 3.50 
SDIO 1 3.17 5.00 1.88 2.38 1.83 2.33 
2 3.33 5.00 2.00 4.12 1.83 2.67 
3 4.00 5.00 2.38 5.00 2.00 1.83 
W64A 1 3.50 5.00 2.00 2.88 2.50 2.17 
2 3.17 4.33 1.75 4.88 1.67 2.17 
3 2.83 4.83 2.38 3.62 2.00 2.00 
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these were not borne out by the analysis of variance. The use of LSD in 
this and later instances, where "F" values indicated non-significance, was 
to achieve arbitrary grouping. It was realized that the potential for 
statistical errors was increased by such a practice. 
The single crosses did not show a significant relationship in either 
1968 or 1969 between varieties and root—damage ratings. Although there was 
some variation in damage among the varieties, it was relatively small. In 
1969, when rootworm numbers were relatively low, 11 of the 14 single-cross 
lines were within LSD 0,05 of the best (least-damaged) line for that year. 
Slightly greater variation in 1968 was accompanied by an increasing error 
mean square value (Table 1). 
In general, a decline in the overall level of rootworm infestation 
during the 3 years of the study is reflected in the root-damage data in 
Tables 2 and 4. Damage ratings were highest in the 1967 inbreds. The 1968 
and 1969 inbred and single-cross varieties suffered progressively less root 
damage in response to decreased rootworm stress. 
Populations 
There was a significant relationship between plant population levels 
and root-damage ratings in the 1968 and 1969 inbred and single-cross vari­
eties. In general, as plant population was increased the amount of rootworm 
damage also increased. This trend is reflected in Tables 3, 5, 6, and 7 
for inbreds and single crosses. A reason for this trend may be that, as a 
result of population stress, the root systems were smaller so that equiv­
alent rootworm feeding resulted in higher root-damage ratings. 
In the 1967 inbreds, high plant populations did not result in a 
significant increase in root-damage ratings. The relatively high damage 
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Table 4. Root-damage rating per plant for single-cross corn varieties. 
Dayton, Iowa, 1968, 1969 
Variety 1968 1969 
A239 X Oh51A 2.96 2.25a^ 
A632 X A619 2.85a 2.25a 
A632 X Oh43 3.06 2.28 
B14A X N6 2.73a 2.19a 
B14A X SDIO 2.67a 2.14a 
B37 X B57 2.90 2.14a 
B37 X B59 2.40a 2.22a 
B57 X B67 3.06 2.14a 
B57 X SDIO 2.69a 2.08a 
B59 X B67 2.65a 2.19a 
B59 X W64A 2.62a 2.17a 
B65 X B67 2.90 2.30 
Oh43 X B59 3.00 2.33 
Oh43 X SDIO 3.08 1.94a 
Values followed by an "a" are within LSD 0.05 range of the best 
single-cross variety for the year. 
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Table 5. Root-damage rating per plant for single-cross corn varieties at 
3 plant populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
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Table 5 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
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Table 6. Root-damage, root-system size, and secondary-root rating per 
plant for com inbreds at 3 plant populations under varying 
levels of rootworm infestation. Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Plant Factor Pop. Moderate Heavy Moderate Heavy Light Moderate 
Root Damage 1 3.24 5.07 2.12 3.06 1.94 2.62 
2 3.39 4.75 2.21 4.18 1.77 2.46 
3 a 3.21 5.19 2.56 4.31 2.36 2.77 
LSD 0 .26 0, .44 0 .27 
Root-system Size 1 3.96 2.38 5.12 4.18 4.11 3.93 
2 3.37 2.32 4.07 2.47 3.30 3.51 
3 3.48 2.02 3.16 2.09 2.51 3.15 
LSD 0 .33 0 .43 0 .23 
Secondary Roots 1 __b 3.11 4.32 3.64 3.78 
2 — — — — 2.82 2.89 3.07 3.78 
3 — — 2.46 2.50 3.21 3.68 
LSD 0 .52 0 .28 
^Least significant difference at the 0.05 level. 
^Inbred root systems not rated for secondary-root growth in 1967. 
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Table 7. Root-damage, root-system size, and secondary-root rating per 
plant for com single crosses at 3 plant populations under 
varying levels of rootworm infestation. Dayton, Iowa, 1968, 
1969 
1968 1969 
Infestation Level Infestation Level 
Plant Factor Pop. Moderate Heavy Light Moderate 
Root Damage 1 1.97 3.36 2.02 2.11 
2 2.04 3.64 1.89 2.27 
3 2.18 3.76 2.40 2.43 
LSD^ 0.31 0.21 
Root-system Size 1 5.44 3.92 4.88 4.71 
2 4.55 3.32 4.08 4.03 
3 3.68 2.64 3.26 3.74 
LSD 0.25 0.26 
Secondary Roots 1 3.50 3.00 3.50 3.61 
2 2.96 2.64 3.36 3.36 
3 2.50 2.46 3.50 3.82 
LSD 0.47 0.30 
^Least significant difference at the 0.05 level. 
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ratings for all 3 plant population levels and the high level of rootworm 
infestation may have been an important factor here (Table 6). 
Sites 
The level of rootworm infestation (i.e. site) was highly significant 
with respect to root damage per plant in 1967, 1968, and 1969. For nearly 
every inbred and single-cross variety an increase in the rootworm infesta­
tion level, from light to moderate or from moderate to heavy, resulted in 
higher root-damage ratings (Tables 6 and 7). This also held true at each 
of the 3 plant population levels in most instances (Tables 3 and 5). The 
majority of the exceptions to this trend occurred in 1969 when rootworm 
population numbers were the lowest of the 3-year period. The fact that 
sites were significant was a good indication that the deliberate planting 
of the varieties at 2 sites of contrasting rootworm infestation was success­
ful. This was also important with respect to many of the other factors 
evaluated. 
Replications/sites 
Replications within sites was significant for some of the 1968 and 
1969 inbreds and single crosses (Table 1). Some of the indicated signif­
icance may have been due to variation of the rootworm infestation within 
the replications at each site. There may also have been other variables 
present which the data collected did not measure. 
Populations x sites 
The populations by sites (BC) interaction was statistically signif­
icant at the 0.01 level for the 1967 and 1968 inbreds and at the 0.05 level 
for the 1969 single-cross varieties (Table 1)- Ratings for the second 
population level of the heavy infestation, in 1967, decreased in contrast 
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to the other experiments. Significance in 1968 was due to the general 
increase in root-damage ratings as the levels of rootworm infestation and 
plant population were increased. The combined effects of rootworm 
infestation level and plant population stress can be seen in Tables 3, 5, 
6, and 7. For almost every inbred and single-cross variety in 1967, 1968, 
and 1969, the highest root-damage rating occurred in plants subjected to 
the greatest plant population and rootworm stress. There were other in­
stances as in 1969 when relatively low rootworm numbers may have been 
responsible for deviations from the general pattern. Low rootworm levels 
were believed to be the reason the 1969 inbreds failed to show a signif­
icant population by sites interaction. The difference in ratings between 
sites was relatively small in comparison with the 1967 and 1968 inbreds 
(Table 6). 
Varieties x sites 
The varieties by sites (AC) interaction was significant for the 1967, 
1968, and 1969 inbred lines. Of the 2 factors, rootworm infestation level 
(i.e. site) appeared to be more influential on root-damage ratings (Table 
3). At almost every plant population level, damage increased as the root-
worm infestation became heavier. This was true for nearly all the inbred 
varieties. For the 1969 inbreds, the AC interaction was significant only 
at the 0.05 level. The primary reason for this was believed to be a lighter 
rootworm infestation and consequent reduced root damage in 1969. 
The 1968 and 1969 single-cross varieties failed to show significance 
for the AC interaction. Many of these varieties did not show an increase 
in root-damage ratings as the level of rootworm infestation was increased; 
especially not at the medium and high plant population levels. The 1969 
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single crosses, under a light roouworm infestation, showed the least 
response to rootworm infestation level. 
Variety x population 
None of the inbreds or single crosses showed significance for this 
interaction. This is encouraging since it can be assumed that population 
levels should not greatly influence host-plant resistance results. How­
ever, within a single year some varieties showed an increase in root damage 
(at a low rootworm level) as the plant population level increased and a 
decrease in damage (at a high rootworm level) as plant population increased. 
Variety x population x site 
The 1967 inbred test was the only one to have a significant variety by 
population by site (ABC) interaction. The influence of rootworm infestation 
level was believed to be the most important of the 3 factors in this inter­
action. Table 6 shows that root-damage ratings for the 1967 inbreds were 
affected more by site than plant population level. Plant population 
increases for a given variety in 1967 were not always accompanied by an 
increase in root-damage ratings. In Table 2 it should be noted that there 
were relatively small differences in damage ratings among the varieties in 
any of the 3 years. In fact, in any single year, one-half or more of the 
14 inbred varieties were within the LSD 0.05 range of the best variety. 
Root-System Size 
Varieties 
The analysis of variance for root-system size (Table 8) revealed a 
high degree of significance (0.01 level) for varieties in the 1967 and 1969 
inbreds and the 1968 and 1969 single crosses. This statistical significance 
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confirmed that varieties differ in root-system size, whether or not they 
were subjected to rootworm or plant population stress. Tables 9 and 10 
present root-system size values on a per-plant basis for the 14 inbred and 
14 single-cross corn lines. These tables show that in the years when the 
varieties factor was significant there was a relatively wide range in the 
root-system size ratings and few varieties fell within the 95 percent con­
fidence interval (i.e. LSD = 0.05) of the best variety (the largest inbred 
or largest single-cross root system) for the year. A possible exception 
to this relationship was the 1969 single crosses where 8 of the 14 lines 
were within the LSD 0.05 range of the best variety (Table 10). 
The 1968 inbred varieties failed to show a significant relationship 
between varieties and root-system size. As reflected in Tables 9 and 11, 
the 1968 root systems were generally larger than the 1967 inbred roots when 
exposed to similar levels of rootworm infestation. In addition to slightly 
increased size in 1968, Table 9 shows the 1968 inbred root systems did not 
vary greatly in size. In fact, 11 of the 14 inbred lines were within the 
LSD 0.05 range of the largest inbred root system for 1968. It was this 
lack of size variation which may have accounted for the lack of varietal 
significance in the 1968 inbreds. It may also be noted that the error mean 
square value for the 1968 inbreds was much higher than in other years 
(Table 8). 
Populations 
There was a highly significant statistical relationship (0.01 level) 
between plant population level and root-system size for the inbred and 
single-cross varieties in all 3 years of the study at Dayton, Iowa, Signif­
icance in this case resulted from the fact that an increase in plant 
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Table 8. Mean squares from analysis of variance of root-system size for 
inbred and single-cross corn varieties at Dayton, Iowa, plant 
population study sites in 1967, 1968, and 1969 
Inbreds Single Crosses 
Source of Variation df 1967 1968 1969 1968 1969 
Varieties (A) 13 20.3** 15.2 19.6** 12.2** 8.9** 
Populations (B) 2 24.8** 955.6** 178.9** 522.2** 213.5** 
Sites (C) 1 700.3** 971.5** 19.3** 1070.1** 2.9 
Replications/Sites (D) 2 3.4 64.6** 5.6* 9.4 5.7 
Pop. X Sites (EC) 2 9.8 27.3 21.3** 12.2* 14.7** 
Pop. X Reps./Sites (BD) 4 7.1 3.0 6.0** 12.4** 2.6 
Var. X Sites (AC) 13 8.0* 40.7** 2.4 8. 8** 2.8 
Var. X Pop. (AB) 26 4.3 4.3 2.2 5.0 1.4 
Var. X Pop. X Site (ABC) 26 2.2 6.6 1.1 4.2 2.7 
Error 73 3.5 10.6 1.6 3.4 2.2 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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Table 9. Root-system size per plant for inbred corn varieties. Dayton, 
Iowa, 1967, 1968, 1969 
Variety 1967 1968 1969 
A239 2.64 3.23 3.42 
A556 2.92 3.42a^ 3.11 
A632 2.50 3.50a 3.19 
B14A 2.69 3.71a 3.94a 
B37 2.72 3.36a 2.92 
B57 3.81a 3.67a 3.81a 
B59 3.11 4.00a 4.11a 
B65 2.58 3.02 2.83 
B67 3.94a 3.83a 4.06a 
N6 2.81 3.44a 3.28 
Oh43 2.78 3.81a 3.56 
Oh51A 2.81 3.11 2.94 
SDIO 2.67 3.56a 3.47 
W64A 2.94 3.56a 3.22 
Values followed by an "a" are within LSD 0.05 range of the best 
inbred variety for the year. 
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Table 10. Root-system size per plant 
Dayton, Iowa, 1968, 1969 
for single--cross corn varieties. 
Variety 1968 1969 
A239 X Oh51A 3.90a^ 4.28a 
A632 X A619 3.54 3.86 
A632 X 0h43 3.67 4.22a 
B14A X N6 4.21a 4.42a 
B14A X SDIO 3.92 4.28a 
B37 X B57 3.81 4.14a 
B37 X B59 4.14a 4.28a 
B57 X B67 4.17a 4.50a 
B57 X SDIO 3.90 4.03 
B59 X B67 4.33a 3.89 
B59 X W64A 4.21a 4.08 
B65 X B67 3.83 3.89 
Oh43 X B59 3.73 4.39a 
Oh43 X SDIO 3.58 3.42 
H^alues followed by 
single-cross variety of 
an "a" are within LSD 0 
the year. 
.05 range of the best 
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Table 11. Root-system size rating per plant for inbred corn varieties at 
3 plant populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Moderate Heavy Light Moderate 
A239 1 3.00 2.17 5.75 3.38 4.67 4.00 
2 2.50 2.17 4.38 1.88 3.50 3.33 
3 4.00 2.00 3.12 1.38 2.33 2.67 
A556 1 4.33 2.33 4.75 4.38 3.83 3.66 
2 3.00 1.67 3.62 2.50 2.33 3.17 
3 4.00 2.17 3.12 2.12 2.33 3.33 
A632 1 3.50 2.17 5.25 4.25 3.83 3.50 
2 3.00 2.17 3.88 2.12 2.67 3.17 
3 2.67 1.50 3.25 2.25 2.67 3.33 
B14A 1 3.83 1.67 5.75 3.38 4.67 4.67 
2 3.17 2.33 4.75 2.38 4.50 3.83 
3 3.33 1.83 3.88 2.12 2.67 3.33 
337 1 2.83 3.33 4.75 4.50 3.17 3.67 
2 2.33 2.33 3.75 2.25 3.17 3.17 
3 3.33 2.17 3,25 1.62 2.17 2.17 
B57 1 5.50 2.50 5.38 3.75 4.50 4.33 
2 4.83 2.67 4.62 2.88 3.33 3.83 
3 4.83 2.50 3.50 1.88 3.00 3.83 
B59 1 4.67 2.17 5.00 5.12 4.50 4.83 
2 4.17 2.17 4.00 3.75 4.33 4.33 
3 3.33 2.17 3.00 3.12 2.67 4.00 
B65 1 4.00 2.33 3.88 4.75 3.83 3.50 
2 2.67 2.00 2.75 2.50 2.33 3.17 
3 2.67 1.83 1.88 2.38 1.83 2.33 
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Table 11 (Continued) 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Moderate Heavy Light Moderate 
B67 1 5.50 4.17 5.12 5.50 4.66 4.83 
2 4.00 3.67 3.25 3.38 3.50 4.33 
3 4.00 2.33 2.50 3.25 2.83 4.17 
N6 1 3.17 2.17 4.12 4.50 4.00 3.83 
2 3.83 2.67 4.62 2.38 3.17 3.33 
3 3.00 2.00 3.50 1.50 2.33 3.00 
Oh 43 1 3.83 1.83 6.12 3.25 4.33 4.00 
2 3.50 2.00 4.25 3.00 3.50 3.33 
3 3.50 2.00 3.75 2.55 2.83 3.33 
0h51A 1 3.50 1.67 5.38 2.38 4.00 3.00 
2 3.83 2.17 4.62 1.38 2.83 2.83 
3 3.83 1.83 3.25 1.62 2.50 2.50 
SDIO 1 4.00 2.33 5.25 5.12 4.00 3.67 
2 3.17 2.00 4.50 2.00 3.67 3.83 
3 2.50 2.00 3.12 1.38 2.50 3.17 
W64A 1 3.83 2.50 5.62 4.25 3.50 3.50 
2 3.17 2.50 4.00 2.25 3.33 3.50 
3 3.67 2.00 3.12 2.12 2.50 3.00 
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population stress seldom failed to result in decreased root-system size. 
Tables 6, 7, 11, and 12 all indicate this relationship. They also reveal 
that plant population stress resulted in decreased root-system size whether 
the varieties were exposed to a light, moderate, or heavy rootworm infesta­
tion. The reduction in root-system size presumably occurred as a result of 
excessive inter-plant competition for space, water, and soil nutrients. 
Tables 11 and 12 also indicated that rootworm feeding pressure, in 
combination with plant population stress, was especially effective in 
reducing the size of the root systems. In general, the smallest root-size 
ratings occurred for the inbred and single-cross varieties when plant 
population and rootworm infestation were at their highest levels. The 1968 
inbreds showed this trend quite clearly (Table 11). 
Sites 
The analysis of variance for root-system size indicated the level of 
rootworm infestation (i.e. site) to be highly significant in all but the 
1969 single crosses (Table 8). Significance in the inbreds and the 1968 
single crosses was due to a consistent decrease in root-system size ratings 
as the level of rootworm infestation was increased (Tables 6, 7, 11, and 
12). 
Failure of the 1969 single-cross root systems to show the same 
response as the other single-cross and inbred lines may have been due to 
the relatively light rootworm infestation in 1969. The light infestation, 
in combination with the relatively large single-cross root systems, 
resulted in very little or no change in root-size ratings between sites. 
For some of the 1969 single-cross varieties, root systems were actually 
larger under the heavier of 2 levels of rootworm infestation (Table 12). 
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Table 12. Root-system size rating per plant for single-cross corn varieties 
at 3 plant populations under varying levels of rootworm infesta­
tion, Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
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Table 12 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 

























































































It is possible, however, that some of this size increase may have been due 
to the ability of certain single-cross varieties to exhibit root-system 
regrowth or the production of secondary roots in response to moderate root-
worm damage. 
Replications/sites 
The occurrence of significance in the 1968 and 1969 inbreds for 
replications within sites is difficult to explain (Table 8). Apparently 
there was some reason for root-system size variation within the replications 
which the sampling technique or the method of analysis did not take into 
account. Variation in root-system size appeared to be slightly increased 
in the replications where the rootworm infestation level was higher. How­
ever, it was not expected that replications would show significance for the 
root-system size characteristic. 
Populations x sites 
Significance for the plant population by sites (BC) interaction was 
found in the 1969 inbreds and the 1968 and 1969 single-cross varieties 
(Table 8). 
The 1969 inbreds appeared to be significant with relation to root-
system size because of the reduction in root-size ratings as plant popula­
tion was increased (Table 6). There was little, if any, decrease in root-
system size as rootworm infestation increased. Significance in the 1968 
single crosses resulted from both rootworm and plant population stress 
acting together to reduce root-system size ratings. This response is 
clearly shown in Table 7 and in Table 12. In the 1969 single crosses, 
plant population pressure reduced root-system size. However, increased 
rootworm infestation did not effectively alter system size. This was 
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especially true at the medium and high plant population levels in the 1969 
single crosses (Table 12). A relatively low rootworm infestation level in 
1969 may also have contributed to the lack of site differences for root-
system size. 
Although the 1968 inbreds failed to be significant for the BC inter­
action (Table 8), plant population and rootworm influences each had the 
effect of reducing root-system size (Table 6). The large error mean square 
value for the 1968 inbreds may have been an important factor in the lack of 
significance in this case. 
Populations x replications/sites 
This interaction was not included in the error mean square because the 
populations were not randomized within the sites. Therefore, significance 
for this interaction may indicate unmeasured variations not accounted for 
by the replications error mean square. 
Varieties x sites 
In the varieties by sites (AC) interaction for the 1967 and 1968 in­
breds, the level of rootworm infestation may have been the most important 
factor leading to significance. Increased rootworm levels (from moderate 
to heavy) for these inbreds led to a substantial reduction in the root-
system size (Table 11). By contrast, the 1969 inbred varieties, under 
relatively low rootworm numbers, showed very little difference in system 
size between sites. It is difficult to tell the importance of the individ­
ual varieties (A) in the AC interaction for root-system size (Table 11). 
However, Table 9 revealed that in 1967 few varieties fell within the 95 
percent confidence limit of the best variety (i.e. largest root-system size) 
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of the year- This may indicate that the 1967 inbred varieties had more of 
an influence on root-system size than the 1968 inbreds. 
In general, the 1968 and 1969 single crosses responded much like the 
inbred varieties in the same years. Sites were more influential in 1968 
than in 1969 in reducing root-system size (Table 12). This was probably 
due to the relatively low rootworm levels in 1969. The contribution of the 
individual single-cross varieties to the AC interaction is not known. How­
ever, varietal differences in root-system size were not great (Table 10). 
Varieties x sites for 1968 single crosses 
Table 13 has been included because it gives a good idea of how the 14 
single-cross varieties responded to a substantial rootworm infestation. 
The varietal entries have been ordered by decreasing root-system size under 
the heavy rootworm infestation level. The "difference" column was included 
to help show which of the single crosses were most, and least, affected by 
rootworm feeding damage. 
B57 X B67, which produced the largest root system under a moderate 
level of rootworm infestation, was quite "hard-hit" by a heavy rootworm 
infestation. The same occurred for many of the other lines. 
The "difference" column in Table 13 shows that A632 x Oh43 responded 
the least to increased rootworm infestation (i.e. its root-system size was 
not greatly reduced). The B59 x B67 and B57 x SDIO lines also looked 
promising with respect to being able to withstand rootworm feeding pressure. 
Secondary-Root Development 
Varieties 
There were statistically significant differences among varieties for 
secondary-root development in the 1968 and 1969 inbreds and the 1969 single 
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Table 13. Rooc-systera size rating per plant for single-cross corn varieties 
under moderate and heavy rootworm infestation with varietal 
entries ordered by decreasing root-system size under heavy 
infestation. Dayton, Iowa, 1968 
1968 
Infestation Level 
Variety Moderate Heavy Difference 
B59 X B67 4.71 3.96 0.75 
B14A X N5 4.75 3.67 1.08 
B59 X W64A 4.88 3.54 1.34 
B37 X B59 4.79 3.50 1.29 
B57 X SDIO 4.29 3.50 0.79 
B14A X SDIO 4.42 3.42 1.00 
A632 X Oh43 3.92 3.42 0.50 
A239 X Oh51A 4.58 3.21 1.37 
B57 X B67 5.17 3.17 2.00 
A532 X A619 4.08 3.00 1.08 
B65 X B67 4.75 2.96 1.79 
B37 X B57 4.67 2.96 1.71 
Oh43 X B59 4.54 2.92 1.62 
0h43 X SDIO 4.25 2.92 1.33 
LSD 0.05 0.38 
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crosses (Table 14). Secondary-root production is a genetic characteristic 
whose expression can be influenced by environmental factors. Significance 
for varieties implied these genes had been allowed to express themselves 
beyond the influence of such factors as rootworm infestation, soil moisture, 
and plant population level. As an example, chances of the inbred and 
single-cross varieties expressing their secondary-root growth capabilities 
were especially good in 1969 when there was a lowered rootworm infestation 
level. 
In the years when the data revealed significance for secondary-root 
development, there was a fairly wide range in the secondary-root rating 
values (Tables 15 and 16). The relatively wide range in ratings can be 
noted by the fact that, in the years showing significance, few varieties 
fell within the LSD 0.05 range of the best (i.e. producing the most sec­
ondary roots) inbred or single-cross variety. 
The 1968 single crosses did not show significant differences in 
secondary-root development. Although few varieties were included within 
LSD 0.05 interval, all those falling outside it had very similar secondary-
root rating values (Table 16). In effect, there was little variation in 
secondary-root growth among the 1968 single crosses. Secondary-root 
development was not evaluated in the 1967 inbreds. 
Populations 
Plant population level had a significant effect on secondary-root 
development in the 1968 and 1969 inbreds and single crosses (Table 14). 
The 1968 inbreds responded to increased plant population by producing fewer 
secondary roots (Table 6). This reaction occurred at the 2 levels of 
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Table 14. Mean squares from analysis of variance of secondary-root ratings 
for inbred and single-cross corn varieties at Dayton, Iowa, 
plant population study sites in 1968 and 1969 
Inbreds Single Crosses 
Source of Variation df 1968 1969 1968 1969 
Varieties (A) 13 7.4** 9.5** 1.4 3.5** 
Populations (B) 2 22.3** 1.4** 8.3** 1.3* 
Sites (C) 1 8.2** 8.2** 3.4* 0.9 
Replications/Sites (D) 2 0.1 0.3 0.2 5.4** 
Pop. X Sites (BC) 2 6.3** 1.2* 0.8 0.4 
Pop. X Reps./Sites (BD) 4 0.4 0.3 0.6 0.2 
Var. X Sites (AC) 13 1.3 0.3 1.6* 0.3 
Var. X Pop. (AB) 26 0.8 0.5** 1.0 0.3 
Var. X Pop. X Site (ABC) 26 0.8 0.3 0.5 0.4 
Error 78 1.0 0.3 0.8 0.2 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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Table 15. Secondary-root rating per plant for inbred corn varieties. 
Dayton, Iowa, 1968, 1969 
Variety 1968 1969 
A239 1.92 2.50 
A556 3.92a^ 4.42 
A632 3.17 3.08 
B14A 3.42 4.25 
B37 2.83 3.67 
B57 2.17 2.42 
B59 3.42 4.08 
B65 2.83 4.00 
B67 3.75a 4.92a 
N6 2.50 3.00 
0h43 4.50a 3.92 
Oh51A 1.92 2.17 
SDIO 3.50 4.42 
W64A 2.42 2.58 
Values followed by an "a" are within LSD 0.05 range of the best 
inbred variety for the year. 
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Table 16. Secondary-root rating per plant for single-cross corn varieties. 
Dayton, Iowa, 1958, 1969 
Variety 1968 1969 
A239 X Oh51A 2.58 2.25 
A632 X A619 2.83 3.50 
A632 X Oh43 2.83 3.92a^ 
B14A X N6 2.75 3.83a 
B14A X SDIO 2.83 4.00a 
B37 X B57 2.33 3.17 
B37 X B59 2.67 3.67 
B57 X B67 2.58 3.25 
B57 X SDIO 2.50 2.75 
B59 X B67 3.58a 4.08a 
B59 X W64A 3.08a 3.33 
B65 X B67 3.17a 3.67 
0h43 X B59 3.33a 4.17a 
0h43 X SDIO 2.75 3.75a 
H^alues followed by an "a" are 
single-cross variety for the year. 
within LSD 0.05 range of the best 
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rootworm infestation and was probably due to increased competition for 
space, moisture, and growth-supporting nutrients. 
In the 1969 inbreds, a general decrease in secondary-root ratings 
accompanied an increase in plant population. However, the reduction was 
not as large as that shown by the 1968 inbreds (Table 6). A generally 
decreased rootworm infestation in 1969 may have been an important factor in 
this instance. 
In general, the response of the 1968 single crosses to increased plant 
population stress was very similar to that of the inbred varieties. 
Secondary-root production was again reduced by increased plant competition 
(Table 7). In the 1969 single crosses, with only one-half the range in 
plant population, there was little reduction in secondary-root ratings as 
plant population levels increased. The decrease in secondary-root ratings 
between the low and medium plant populations may have been enough to 
account for the significance shown by the 1969 single crosses. 
Sites 
Sites, or rootwom infestation level, had a statistically significant 
effect on secondary-root ratings for the 1968 and 1969 inbreds and for the 
1968 single crosses. However, in contrast to what might be expected, 
increased rootworm infestation in the 1968 and 1969 inbreds actually result­
ed in a general increase in secondary-root production (Tables 6 and 17)-. 
This trend was consistent at each of the 3 plant population levels. The 
same general response pattern occurred in the 1969 single crosses but this 
was not statistically significant (Table 7). The reasons for increased 
secondary-root growth under these conditions are not understood. Perhaps 
the effect of rootworm feeding and the plant growth conditions were such 
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Table 17. Secondary-root rating per plant for inbred corn varieties at 3 
plant populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
A239 1 2.0 2.5 3.5 2.5 
2 1.5 2.0 2.0 2.0 
3 1.5 2.0 2.5 2.5 
A556 1 4.0 5.0 5.0 5.0 
2 3.0 5.0 3.0 4.5 
3 3.0 3.5 4.5 4.5 
A632 1 3.0 4.5 3.5 3.0 
2 3.5 3.0 2.5 3.5 
3 2.5 2.5 2.5 3.5 
B14A 1 5.0 4.0 4.0 4.5 
2 4.0 2.0 4.0 4.5 
3 3.0 2.5 4.0 4.5 
B37 1 3.5 4.5 3.5 3.5 
2 2.5 2.5 3.5 4.0 
3 2.0 2.0 3.5 4.0 
B57 1 1.5 4.5 2.0 3.0 
2 1.5 2.0 2.0 2.0 
3 2.0 1.5 2.5 3.0 
B59 1 4.5 5.0 4.0 4.5 
2 4.0 3.0 3.5 4.5 
3 2.0 2.0 3.5 4.5 
B65 1 3.5 4.5 4.0 5.0 
2 2.0 2.0 3.0 4.0 
3 2.5 2.0 4.0 4.0 
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Table 17 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
B67 1 3.5 5.0 5.0 5.0 
2 2,5 5.0 4.5 5.5 
3 3.0 3.5 4.5 5.0 
N6 1 2.0 4.0 3.5 2.5 
2 2.5 2.5 3.0 4.0 
3 2.5 1.5 2.0 3.0 
Oh43 1 5.0 4.5 4.5 4.5 
2 4.5 5.0 ' 3.5 4.0 
3 4.0 4.0 3.0 4.0 
Oh51A 1 1.0 3.0 2.0 2.5 
2 1.5 2.0 2.0 2.0 
3 1.5 2.5 2.5 2.0 
SDIO 1 3.0 5.5 4.5 5.0 
2 4.0 2.5 4.0 4.5 
3 3.0 3.0 4.0 4.5 
W64A 1 2.0 3.5 2.0 2.5 
2 2.5 2.0 2.5 4.0 
3 2.0 2.5 2.0 2.5 
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that the root systems were stimulated in some way to produce secondary 
roots. While secondary roots are produced in the absence of rootworm feed­
ing, damage to the root tip or growing point frequently increases secondary-
root production. 
In the 1968 single crosses an increase in the rootworm infestation 
level resulted in a decrease in secondary-root development. This decrease 
occurred at all 3 plant population levels (Table 7). The reasons why the 
plant population stress response of the 1958 single crosses was opposite 
that of the 1968 inbreds are not known. 
Replications/sites 
The occurrence of significant differences in secondary-root develop­
ment within replications was not expected and is difficult to explain 
(Table 14). It is possible that a variation in rootworm infestation within 
the replications may have affected secondary-root ratings. However, no 
rootworm life-form counts were made in the 1969 single crosses so this can 
not be substantiated. 
Populations x sites 
Significance for the populations by sites (BC) interaction occurred 
in the 1968 and 1969 inbreds but not in the single crosses for the same 
years (Table 14). In the 1968 and 1969 inbreds, increasing the plant 
population level resulted in decreased secondary-root development (Table 6). 
However, for the same inbreds, increasing the level of rootworm infestation 
unexpectedly resulted in increased secondary-root development. 
In the 1968 single crosses decreased secondary-root growth was the 
result when the plant population level was raised (Tables 7 and 18). 
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Table 18. Secondary-root rating per plant for single-cross corn varieties 
at 3 plant populations under varying levels of rootworm infesta­
tion. Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
A239 X OhSlA 1 
2 
3 
2 .0  
2.5 
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Table 18 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy . Light Moderate 
B57 X SDIO 1 
2 
3 
2 .0  























































































Reduced secondary-root growth also occurred when the rootworm infestation 
level was increased from moderate to heavy-
In the 1969 single crosses (Table 7), plant population level had 
little effect on secondary-root growth. This may have been due, in part, 
to a reduced level of rootworm infestation in the 1969 sites and the reduced 
range in plant population. Also, in the 1969 single crosses, a change from 
a light to a moderate rootworm infestation did not significantly alter 
secondary-root development. This is reflected in Table 7 and in Table 18. 
Varieties x sites 
Significance for the varieties by sites (AC) interaction in the 1968 
single crosses was probably a carry over from the sites source of variation. 
Although there were variations in secondary-root growth response among the 
1968 single crosses (Table 16), the general reaction to increased rootworm 
infestation was decreased development of secondary roots (Table 7). How­
ever, A239 X OhSlA and B57 x SDIO in Table 18 were exceptions to this trend. 
Varieties x populations 
Although the 1969 inbreds were significant for the varieties by 
population (AB) interaction, they showed little secondary-root growth 
response to increased plant population. However, as indicated in Table 15, 




The statistical significance shown by the 1967 and 1969 inbreds for 
plant count (Table 19) may well have been the result of poor germination of 
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Table 19. Mean squares from analysis of variance of plant count for inbred 
and single-cross corn varieties at Dayton, Iowa, plant population 
study sites in 1967, 1968, and 1969 
Inbreds Single Crosses 
Source of Variation df 1967 1968 1969 1968 1969 
Varieties (A) 13 20.9* 14.3 30.7** 7.9 4.1 
Populations (B) 2 11187.9** 9705.2** 2066.2** 11805.9** 1753.5** 
Sites (C) 1 6.5 46.1* 1615.7** 0.1 2244.0** 
Replications/Sites (D) 2 6,9 16.8 0.2 4.1 0.5 
Pop. X Sites (BC) 2 29.1 56.4** 53.9** 17.0* 67.6** 
Pop. X Reps./Sites (BD) 4 10.6 11.6 2.6 6.7 5.9* 
Var. X Sites (AC) 13 14.4 8.6* 5.8 6.1 4.0 
Var. X Pop. (AB) 26 14.8 9.4 4.2 4.5 3.3 
Var, X Pop. X Site (ABC) 26 10.9 10.5 3.8 3.2 2.5 
Error 78 10.3 8.1 4.5 5.0 2.3 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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some of the varieties. It was neither intended nor expected that varieties 
would have any influence on plant stand. However, in the 1969 inbreds 
there was some degree of variation among varieties in plant count for the 
3 population levels. Population level 1 ranged from 10,700 to 16,400 
plants per acre, population 2 ranged from 15,000 to 20,900 plants per acre, 
and population 3 ranged from 18,700 to 26,800 plants per acre (Table 20). 
Again, lack of consistent seed germination may have been an important 
contributing factor to this variation. 
The 1967 and 1968 inbred population levels showed greater consistency 
over all the varieties with a range of only about 3,000 plants per acre for 
any one population level (Table 20). 
In the 1968 and 1969 single crosses (Table 21) there were only minor 
variations within each of the 3 plant population levels when compared 
across varieties. 
Populations 
As expected, plant population had a highly significant effect on plant 
count for all inbreds and single crosses in all 3 years of the Dayton, Iowa, 
study. This, of course, was due to the deliberate efforts directed at 
establishing specific plant population levels. In many instances the 
originally desired stand levels were not attained. However, the indicated 
statistical significance, and Tables 20 and 21, furnish evidence that 3 
distinct plant population levels were established for each of the inbred 
and single-cross varieties in all years of the study. 
Sites 
In every year of the plant population study it was intended that each 
population level would have an equal number of plants at the 2 levels of 
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Table 20. Experimental plant populations in thousands of plants per acre 
for inbred corn varieties under varying levels of rootworm 
infestation. Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 


















































































































































22 .2  
41.4 
14.8 















Table 20 (Continued) 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
































































































































Table 21. Experimental plant populations in thousands of plants per acre 
for single-cross corn varieties under varying levels of rootworm 
infestation. Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 

























































































































Tablij 21 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 




















































































rootworm infestation. If this goal had been accurately attained there 
should have been no appearance of statistical significance for sites. 
However, in the 1968 and 1969 inbreds and the 1969 single crosses, signif­
icance did appear in the analysis of variance (Table 19). By looking 
closely at Tables 20 and 21 for these varieties it can be seen that there 
were differences in plant count between the levels of rootwonn infestation. 
However, because rootworms were not considered to be a mortality factor in 
these experiments, most differences in plant count for sites were probably 
due to germination-related factors. In 1969, each of the 2 rootworm 
infestation sites was planted by a separate field crew and the row lengths 
differed by 40 inches. Although the row length factor was taken into 
account when transforming plant count per plot to plants per acre, signif­
icance for sites remained. 
Ear Count 
Varieties 
There were highly significant differences among varieties for the 
number of ears produced in the harvested plots in 1968 and 1969. This 
significance occurred in both the inbreds and single crosses (Table 22) 
and suggested the varieties produced ears according to their own genetic 
potentialities. Variability in ear production can be seen in Tables 23 
and 24. The inbred lines were expected to exhibit differential ear produc­
tion because inbred-selection programs have only recently emphasized the 
genetic ability to produce ears at high population levels. 
Populations 
The lack of significant differences between plant populations and ear 
count in the 1968 inbreds can be explained by the fact that ear counts. 
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Table 22. Mean squares from analysis of variance of ear counts for inbred 
and single-cross corn varieties at Dayton, Iowa, plant population 
study sites in 1968 and 1969 
Inbreds Single Crosses 
Source of Variation df 1968 1969 1968 1969 
Varieties (A) 13 465.5** 168.6** 255.7** 12.5* 
Populations (B) 2 21.3 884.4** 647.9** 1106.6** 
Sites (C) 1 2577.1** 546.5** 463.3** 2400.1** 
•Replications/Sites (D) 2 68.8 22.7 19.7 1.2 
Pop. X Sites (BC) 2 372.1** 6.8 65.0* 93.3** 
Pop. X Reps./Sites (BD) 4 49.1 4.6 13.8 6.5 
Var. X Sites (AC) 13 119.7** 78.4** 25.8 8.7 
Var. X Pop. (AB) 26 106.8** 9.2 112.1** 6.1 
Var. X Pop. X Site (ABC) 26 45.9 12.4 15.6 4.8 
Error 78 36.3 7.8 20.5 6.0 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
85 
Table 23. Number of ears produced in 2-row harvest plots by inbred com 
varieties at 3 plant populations under varying levels of root-
worm infestation. Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
A239 1 18 18 24 22 
2 31 18 27 26 
3 36 24 34 34 
A556 1 22 20 20 21 
2 24 14 20 28 
3 29 8 28 31 
A632 1 30 26 22 33 
2 22 14 30 30 
3 25 7 34 34 
B14A 1 18 9 14 21 
2 18 2 14 22 
3 8 1 18 25 
B37 1 18 8 8 23 
2 11 1 10 29 
3 3 0 16 28 
B57 1 17 16 19 18 
2 22 10 22 23 
3 21 6 28 26 
B59 1 24 22 26 28 
2 19 22 34 27 
3 14 12 33 32 
B65 1 11 12 20 22 
2 9 8 22 26 
3 6 2 24 32 
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Table 23 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
B67 1 18 25 29 23 
2 18 18 34 30 
3 25 38 35 37 
N6 1 16 18 25 21 
2 28 16 31 26 
3 40 10 32 35 
Oh43 1 16 15 19 19 
2 25 6 26 24 
3 11 2 22 33 
GhSlA 1 18 12 22 21 
2 24 4 22 23 
3 24 4 33 29 
SDIO 1 17 19 22 24 
2 28 31 28 27 
3 41 30 36 35 
W64A 1 17 16 21 19 
2 26 8 31 28 
3 27 9 36 31 
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Table 24. Number of ears produced in 2-row harvest plots by single-cross 
corn varieties at 3 plant populations under varying levels of 
rootworm infestation. Dayton, Iowa, 1968, 1969 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
A239 X Oh51A 1 24 20 22 24 
2 28 27 30 27 
3 37 38 34 31 
A632 X A619 1 20 18 22 23 
2 28 24 29 25 
3 30 22 38 33 
A632 X 0h43 1 24 20 24 22 
2 30 24 26 29 
3 25 16 34 31 
B14A X N6 1 18 18 22 20 
2 28 17 30 26 
3 16 12 31 29 
B14A X SDIO 1 19 18 20 21 
2 24 24 28 27 
3 12 13 28 26 
B37 X B57 1 18 18 26 23 
2 18 14 28 28 
3 12 10 37 32 
B37 X B59 1 18 18 21 21 
2 30 18 28 28 
3 18 12 32 27 
B57 X B67 1 17 20 22 22 
2 31 30 28 27 
3 44 32 37 32 
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Table 24 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 



























































































summed over varieties, did not increase at the higher plant-population 
levels. Increased populations resulted in a general decrease in the 
number of ears produced (Table 25). 
In the 1969 inbreds and single crosses, statistical significance 
appeared to result from an increase in the number of ears as the plant 
population level was raised (Tables 23, 24, 25, and 26). The relatively 
light rootworm population levels in 1969 were believed to be one reason the 
ear counts did not decrease between the medium and high plant population 
levels. The 1968 single crosses, under a heavy rootworm infestation, 
showed an increase in the number of ears produced between the low and 
medium populations only. At the highest plant population level (47,100 
plants per acre) there was a greater tendency to produce fewer ears (Tables 
24 and 26). 
Sites 
Sites, or level of rootworm infestation, had a highly significant 
effect on ear count in 1968 and 1969 (Table 22). At each of the 3 plant 
population levels in these years, the number of ears produced by the inbred 
and single-cross varieties was consistently reduced at the higher rootworm 
infestation level (Tables 25 and 26). This drop in ear numbers was believed 
to have resulted primarily from the stress of rootworm feeding. 
Populations x sites 
The populations by sites (BC) interaction reflected significant dif­
ferences for ear counts among the 1968 inbred and single-cross varieties 
(Table 22). Tables 25 and 26 indicate the major portion of this signif­
icance may have been due to sites (i.e. rootworm infestation level). An 
increase in plant population in 1968 did not result in much change in ear 
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Table 25. Percentage lodged plants, plant count, ear count, and grain 
yield for corn inbreds at 3 plant populations under varying 
levels of rootworm infestation. Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Plant Factor Pop. Moderate Heavy Moderate Heavy Light Moderate 
44 0 
h 
Percentage 1 80 19 19 3 
Lodged 2 30 46 6 49 33 1 
3 33 49 15 65 36 5 
Plant Count 1 14.9 14.9 15. 4 15.3 14. 2 13.3 
2 26.7 27.4 27, .1 27.4 18. 7 17.9 
3 - 40.4 38.7 39. 8 36.8 24. 2 22.2 
LSD 1, .27 1.12 0.84 
Ear Count 1 
d 
19 17 21 18 
2 — — - - 22 11 25 21 
3 — — 22 11 29 25 
LSD 3.22 1.49 
Grain Yield 1 108 58 62 50 46 56 
2 150 51 65 30 56 61 
3 166 58 52 21 58 68 
LSD 8 .19 7.88 4.94 
P^ercentage lodged plants and ear counts taken from 2-row harvest plots. 
Plant count converted to thousands of plants per acre. Grain yield measured 
in bushels per acre. 
A severe wind and rain storm in September caused most of the 1969 
lodging. 
'^ Least significant difference at the 0.05 level. 
*^ Ear count data not taken in 1967. 
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Table 26. Percentage lodged plants, plant count, ear count, and grain 
yield for corn single crosses at 3 plant populations under 
varying levels of rootworm infestation. Dayton, Iowa, 1968, 
1969 
1968 1969 
Plant Factor^  
Infestation Level 
Pop. Moderate Heavy 
Infestation Level 
Light Moderate 












Plant Count 1 15.8 16.4 15.1 14.1 
2 28.9 27.8 20.4 18.2 
3 41.2 41.5 24.6 22.0 
LSD^  ^ 0.88 0.60 
Ear Count 1 28 19 23 18 
2 28 23 29 21 
3 26 22 34 24 
LSD 2.42 1.31 
Grain Yield 1 172 151 128 139 
2 158 104 136 143 
3 100 84 139 139 
LSD 7.76 8.56 
"•percentage lodged plants and ear counts taken from 2-row harvest 
plots. Plant count converted to thousands of plants per acre. Grain yield 
measured in bushels per acre. 
severe wind and rain storm in September caused most of the 1969 
lodging. 
L^east significant difference at the 0.05 level. 
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count, except in the inbreds exposed to a heavy rootworm infestation 
(Table 25). Here, the combined stress of more plants per acre and a heavy 
rootworm infestation resulted in a substantial reduction in the number of 
ears produced in the harvest plots. 
The 1969 inbreds failed to show statistical significance for the BC 
interaction because the slight increase in rootworm level did not reduce 
ear development to a marked degree. An increase in plant population, how­
ever, did increase the quantity of ears produced (Table 25). 
In the 1969 single-cross varieties ear development increased with 
plant population, but this response was slight under a moderate rootworm 
infestation (Table 26). Increased rootworm pressure resulted in decreased 
ear production at all 3 plant population levels. 
Varieties x sites 
The cumulative effects of rootworm infestation and the genetic 
characteristics of the varieties resulted in significant differences for 
ear counts in the 1968 and 1969 inbreds (Table 22). The varieties produced 
different numbers of ears due to their genetic potentialities and variations 
in their response to rootworm stress. The differences in the ability of 
the inbred varieties to produce ears under varying rootworm levels is 
indicated in Table 23. As an example, in 1968, the inbred varieties B67 
and SDIO produced many ears under a heavy rootworm infestation while B14A, 
B65, B37, and Oh43 were not able to maintain ear production levels under 
increased rootworm pressure. It appeared that the decreased rootworm 
pressure in 1969 allowed these inbred varieties more freedom to express 
their genetic potential for ear production. 
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The 1968 and 1969 single-cross varieties failed to show statistically 
significant differences in ear production. There were only small dif­
ferences in ear counts between the 2 rootworm sites in 1969 (Table 24). 
This was probably the result of the relatively light level of rootworm 
infestation and the increased vigor of the single-cross varieties. 
Although genetic factors were the same in the 1968 single crosses, a 
heavier rootworm infestation resulted in greater reduction in ear-count 
values, especially at the higher plant population level (Table 24). 
Varieties x populations 
Increased plant population in the 1968 inbreds and single crosses did 
not have a consistently positive effect on ear production (Tables 25 and 
26). In the 1969 inbred and single-cross varieties ear counts went up 
consistently as plant population increased (Tables 25 and 26). One of the 
primary reasons for the differences between the 1968 and 1969 ear-count 
responses to plant population increases was believed to be the level of 
rootworm infestation. The reduced plant population levels in 1969 may also 
have influenced the ear-count responses. 
Lodging 
An analysis of covariance (with plant count as the covariate) was 
performed on the lodged-plant count data in an attempt to circumvent the 
need for a transformation in the evaluation of this ratio statistic. In 
this way, it was intended that a better idea could be gained of the effects 
which various factors, other than plant count, may have had on lodging 
percentage. The attempt to minimize the effect of plant count on lodging 
percentage was partially unsuccessful in that the 1967 and 1969 inbreds and 
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the 1968 single crosses still showed significance (at the 0.05 level) for 
plant population level and its effect on lodging (Table 27). An explana­
tion of the failure of the analysis of covariance to remove the significance 
of plant population may lie in the fact that the relationship between lodg­
ing and increased plant population may not be linear. The model for the 
covariance analysis assumes there is a linear relationship and when this is 
not the case the analysis breaks down. In the 1968 inbreds and the 1969 
single crosses a linear relationship did exist between lodging percentage 
and plant population. No significance appeared in the analysis of co-
variance for these varieties (Table 27). 
Varieties 
There were highly significant differences among varieties with regard 
to root-lodging percentage (Table 27). Because of morphological variations 
among the inbred and single-cross varieties, the occurrence of definite 
lodging differences had been expected. Only the 1968 single crosses did 
not show this significance. In the 1968 single crosses, the moderate level 
of rootworm infestation was accompanied by so little lodging, and the heavy 
infestation by so much, it was concluded that environmental factors exceeded 
genetic factors as the cause of plant lodging. Tables 28 and 29 indicate 
how the varieties, even when exposed to similar plant population and root-
worm infestation conditions, exhibited differences in lodging percentages. 
Sites 
The level of rootworm infestation (sites) had a highly significant 
effect on differences in lodging percentages for the inbred and single-cross 
varieties in each year of the Dayton, Iowa, study. The general effect of 
sites on lodging can be seen in Tables 25 and 26. Tables 28 and 29 show 
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Table 27. Mean squares from analysis of covariance of plants lodged with 
plant count as the covariate for inbred and single-cross corn 
varieties at Dayton, Iowa, plant population study sites in 1967, 
1968, and 1969 
Inbreds Single Crosses 
Source of Variation df 1967 1968 1969 1968 1969 
Varieties (A) 13 555.2** 245.8** 194.5** 70.1 142.1** 
Populations (B) 2 159.5* 31.6 16.6* 198.8* 15.8 
Sites (C) 1 1531.0** 6230.0** 378.4** 9675.4** 97.6** 
Replications/Sites (D) 2 125.3* 4.6 0.2 32.3 126.8** 
Pop. X Sites (BC) 2 23.7 1024.5** 159.2** 1149.1** 382.6** 
Pop. X Reps./Sites (BD) 4 167.4** 35.4 16.0* 25.8 41.0** 
Var. X Sites (AC) 13 148.0** 97.8* 178.9** 56.8 111.5** 
Var. X Pop. (AB) 26 68.9* 47.1 25.3** 52.6 27.8** 
Var. X Pop. X Site (ABC) 26 46.2 27.0 23.2** 45.1 24.0** 
Error 77 39.5 43.1 5.2 41.8 11.0 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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Table 28. Percentage lodged plants for inbred corn varieties at 3 plant 
populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 









































































































































































Table 28 (Continued) 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 



























































































































Table 29. Percentage lodged plants for single-cross corn varieties at 3 
plant populations under varying levels of rootworm infestation. 































































































































Table 29 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 
B14A X SDIO 1 0 19 0 0 
2 0 75 3 2 
3 0 53 42 2 
314A X N6 1 0 38 2 3 
2 7 100 11 2 
3 2 31 21 2 
A632 X A619 1 0 45 39 3 
2 4 71 91 12 
3 4 68 94 11 
A632 X Oh43 1 11 38 39 3 
2 12 74 71 0 
3 14 78 86 16 
B65 X B67 1 0 57 23 3 
2 3 61 45 2 
3 11 38 67 2 
B59 X W64A 1 0 23 19 0 
2 13 89 68 0 
3 17 53 88 26 
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how the individual varieties responded to rootworm infestation at the dif­
ferent plant population levels. 
In the 1967 and 1968 inbreds and the 1968 single crosses, there were 
definite increases in lodging percentage as the level of rootworm infesta­
tion increased. This was true for nearly every variety at all 3 plant-
population levels. 
The effect of sites on lodging in the 1969 inbreds and single crosses 
was completely reversed from the 1967 and 1968 results. In 1969, an 
increase in the relatively low levels of rootworm infestation was asso­
ciated with a decrease in lodging percentage rather than an expected 
increase (Tables 28 and 29). It is not believed the high lodging values at 
the light infestation level were solely the result of rootworm feeding 
influence. Much of this lodging was thought to have resulted from a severe 
wind and rainstorm which hit the DeKalb Research Farm in early September. 
The north end of the farm, where the site having the light rootworm infesta­
tion was located, was the most seriously affected and suffered a great deal 
of lodging. The field area containing the moderate infestation level was 
left relatively undamaged and little lodging occurred. Another reason the 
lodging was assigned to non-rootworm factors was that the storm hit in 
early September, long after rootworm larval feeding had ceased. Had the 
larvae damaged the plants severely in July, lodging should have appeared 
much before September before the varieties had had time to express their 
genetic potential for root recovery or regrowth. 
Populations x sites 
The combined effects of plant population and rootworm infestation 
were of significant influence on lodging in all but the 1967 inbreds 
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(Table 27). The 1967 inbred varieties exhibited high lodging percentages 
at both rootwonn sites but the greatest amount occurred under a heavy root-
worm infestation (Table 28). However, the added stress of increased plant 
population did not increase lodging in the 1957 inbreds, not even at the 
high rootworm level. The 1967 infestation was so severe that the stunted 
plants at the higher populations were not as prone to lodging influences. 
This lack of a consistent lodging response to increased population and 
infestation resulted in a lack of significance for the BC interaction. 
In the 1968 inbreds and single crosses (Tables 28 and 29), the inter­
action between the population (B) and rootworm infestation (C) factors 
resulted in highly significant differences in lodging. The consistent 
response was increased lodging percentages as combined population and 
infestation pressures were raised. 
Significant differences in lodging percentages were also found for 
the 1969 inbreds and single crosses. Here, however, the light rootworm 
level had more lodging than the moderately infested area which had almost 
no lodging at all. The September wind and rainstorm was believed to be the 
primary reason for this occurrence. Increased population did increase 
lodging (Tables 28 and 29). 
With regard to plant lodging in general, it should be remembered that 
the geometry of the corn plant may be affected by the stresses of high 
plant population. Such morphological changes, especially if the stalk 
becomes thinner and weaker, may result in increased lodging even in the 
absence of a rootworm infestation. Many of the lodging differences exhib­
ited by the inbreds and single crosses in this study may thus have been 
due to variations in the genetic potential of these varieties to adjust to 
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plant population pressure. Once lodging for a particular variety exceeds 
the 50 percent level, it may be possible that the remaining plants are 
somewhat more susceptible to lodging due to increased exposure to the wind 
and decreased mutual support. The geometry of the corn plants would, how­
ever, still be an important influencing factor. 
Populations x replications/sites 
In all likelihood, the restricted randomization of the Dayton, Iowa, 
study may have contributed to the unexpected significance of this (BD) 
interaction. 
Significance in the remaining interactions (AC, AB, ABC) in Table 27 
may have been due to the method of analysis. Using covariance plus the 
analysis of variance model, which assumed fixed variates and therefore 
emphasized the error mean square, in this case may have led to many signif­
icant attributes. However, the analysis should have emphasized the 
differences in the means for the individual variates. It is believed, 
nevertheless, that the analysis of covariance, with plant count as the 
covariate, did a good job of identifying the causes of lodging under the 
conditions of this particular study (but only under the conditions of this 
study since the experimental model was a "fixed model")-
Grain Yield 
Varieties 
As indicated by Table 30, there were highly significant differences 
for grain yield among the inbred and single-cross varieties in every year 
of the plant population study. Yields for the 14 inbred varieties varied 
widely, even when all varieties were exposed to similar rootworm infestation 
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Table 30. Mean squares from analysis of variance of grain yield for inbred 
and single-cross corn varieties at Dayton, Iowa, plant population 
study sites in 1967, 1968, and 1969 
Inbreds Single Crosses 
Source of Variation df 1967 1968 1969 1968 1969 
Varieties (A) 13 57.21** 15.20** 11.52** 17.89** 8.22** 
Populations (B) 2 48.39** 21.14** 10.18** 279.01** 3.77* 
Sites (C) 1 1262.26** 118.17** 2.08** 160.88** 95.25** 
Replications/Sites (D) 2 0.96 2.54 0.26 2.13 0.40 
Pop. X Sites (BC) 2 57.81** 8.42** 0.68 24.58** 2.53 
Pop. X Reps./Sites (BD) 4 1.68 0.93 0.10 0.80 1.35 
Var. X Sites (AC) 13 7.91** 5.54** 4.85** 1.68 1.54* 
Var. X Pop. (AS) 26 1.50 1.92** 0.52* 5.48** 0.77 
Var. X Pop. X Site (ABC) 26 1.27 1.13 0.52* 1.57 0.94 
Error 78 1.20 1.11 0.28 1.08 0.84 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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levels, plant populations, and general environmental conditions (Table 31). 
Such variation in the ability to yield was not unexpected for the inbred 
lines since their selection was not based upon this characteristic. Root-
system size, secondary-root growth, stalk qualities, and relative maturity 
were among the factors considered when these inbreds were selected for 
inclusion in this study. An idea of the yield performance of the inbred 
varieties can best be gained by looking at yield data from the lower level 
of rootworm infestation for each of the 3 study years (Table 31). The 
lower levels of infestation were expected to allow each variety a good 
chance of expressing its genetic potential for yield production. 
Figure 1 presents a graphic comparison of the variation in yield among 
the 1968 inbred lines at 3 plant population levels and under moderate and 
heavy rootworm infestation. The 1968 data were chosen for this comparison 
because the rootworm infestation levels in 1968 were considered adequate to 
stimulate a response in the varieties and to allow genetic expression of 
yield potentials. The plant population goals in 1968 were 15,700 (1), 
31,400 (2), and 47,100 (3) plants per acre. In Figure 1, the shaded por­
tion of each bar represents yield under a heavy rootworm infestation. The 
clear areas, usually extending above the shaded portions, show the yield 
under moderate infestation. Occasionally the yield of a variety was greater 
under a heavy, rather than moderate, rootworm level. Where this occurred 
the entire bar appears shaded and a line drawn across the bar and extending 
beyond its lateral boundaries indicates yield under the moderate infesta­
tion level. 
In the 1968 inbreds, the difference between the highest and lowest 
yielding variety under a moderate rootworm infestation was as much as 92 
105 
Table 31. Grain yield in bushels per acre for inbred corn varieties at 3 
plant populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1967, 1968, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Moderate Heavy Light Moderate 
A239 1 87 63 74 37 64 57 
2 138 64 104 34 64 67 
3 140 79 78 43 74 79 
A556 1 65 26 64 40 32 34 
2 89 16 66 20 38 56 
3 101 26 57 13 47 64 
A632 1 105 68 93 74 48 73 
2 176 40 71 34 58 66 
3 152 56 60 10 67 82 
B14A 1 83 43 39 20 20 46 
2 110 37 40 2 23 44 
3 129 26 26 1 27 34 
B37 1 61 38 40 22 12 72 
2 107 45 27 1 11 68 
3 131 43 17 0 17 49 
B57 1 210 81 83 72 61 53 
2 231 86 63 32 76 69 
3 265 104 77 15 83 71 
B59 1 149 72 74 69 62 74 
2 185 45 61 68 81 72 
3 173 49 33 23 75 82 
B65 1 94 30 24 32 41 50 
2 116 29 12 12 46 58 
3 129 28 11 3 41 47 
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Table 31 (Continued) 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 































































































































Figure 1. Grain yield in bushels per acre for inbred corn varieties 
planted at population goals of 15,700 (1), 31,400 (2), and 
47,100 (3) plants per acre under moderate and heavy rootworm 
infestation levels. Dayton, Iowa, 1968 
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Inbred Varieties 
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bushels per acre. This occurred at the medium plant population level 
between A239, which yielded 104 bushels per acre, and B65, which yielded 
only 12 bushels per acre. At the low plant population level there was a 
yield range of 61 bushels between A632 (93 bushels per acre) and B65 (32 
bushels per acre). At the high population level, yields ranged from a 
high of 101 bushels (N6) to a low of 11 bushels per acre (B65), a dif­
ference of 90 bushels (Figure 1). 
Yields in the 1967 inbred varieties were much higher than in 1968 and 
exhibited a greater high to low range under a moderate rootworm infestation 
(Table 31). At the low population level, B57 produced 210 bushels while 
B37 yielded only 61 bushels per acre; a difference of 149 bushels. In the 
medium plant population level, B57 again was the highest yielding inbred 
variety with 231 bushels while A556 produced 142 bushels less with its 89 
bushels per acre yield. At the high population level, B57 yielded 265 
bushels per acre, an extremely high level of grain production for an inbred 
variety. A556 again was the lowest yielding variety, producing 101 bushels 
per acre. The reasons for the very high grain yields in the 1967 inbreds 
are not understood because the hand harvesting, stand counts, and lodging 
counts were all made by a trained crew from the DeKalb Research Farm. 
In 1969, inbred yield variations were much like those of 1968 despite 
the lack of a heavy rootworm infestation (Table 31). The highest yielding 
variety, under a light rootworm infestation, was B57 which produced 83 
bushels per acre at the highest plant population level. B37 was the lowest 
yielding inbred line in 1969. It produced only 11 bushels per acre at the 
medium plant population level. 
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The 1968 and 1969 single-cross varieties also exhibited highly 
significant differences in grain yield (Table 30). This variability in 
yield was expected because many of the single-cross lines in the study 
were composed of inbred lines whose range in yield levels has already been 
discussed. In general. Table 32 gives a good idea of the differences in 
grain-yield production for the 14 single-cross varieties. Although this 
table includes the influence of sites and plant populations, differences 
in yield can be seen by comparing the bushels of grain produced by varieties 
exposed to similar conditions. 
Figure 2 presents yield data for the 1968 single crosses. The reasons 
the 1968 single-cross varieties were selected for this graphic presentation 
were the same as for the 1958 inbred s. The variation in yield between and 
among the varieties, under a moderate rootworm infestation, is easily 
noticed in Figure 2. In the 1968 single-cross varieties the widest range 
in yield occurred at the highest (47,100 plants per acre) population level. 
Here, B57 x B67 produced 168 bushels of grain per acre and B57 x SDIO 
yielded only 44 bushels; a difference of 124 bushels per acre. Yield at 
the second (31,400 plants per acre) plant population level was 227 bushels 
for B57 X B67 while only 110 bushels per acre for B37 x B57. At 15,700 
plants per acre, B57 x B67 produced 195 bushels of grain per acre and B59 x 
B67 had a 152-bushel yield. 
In 1969, with a reduced level of rootworm infestation, yields were 
generally higher for the single-cross varieties (Table 32). In addition, 
the yield range between the highest- and lowest-yielding varieties at the 
3 plant populations was decreased from the 1968 single crosses. The 
greatest difference in yield among the 14 varieties, under a light rootworm 
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Table 32. Grain yield in bushels per acre for single-cross corn varieties 
at 3 plant populations under varying levels of rootworm infesta­
































































































































Table 32 (Continued) 
1968 1969 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Light Moderate 

























































































Figure 2. Grain yield in bushels per acre for single-cross com varieties 
planted at population goals of 15,700 (1), 31,400 (2), and 
47,100 (3) plants per acre under moderate and heavy rootworm 
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infestation, occurred at the highest plant population level (31,400 plants 
per acre). At this population B37 x B57 produced a grain yield of 163 
bushels per acre while B57 x SDIO yielded 108 bushels (Table 32). At the 
2 lower plant population levels in the 1969 single crosses, yield dif­
ferences were around 40 bushels per acre. 
Yields for both inbred and single-cross varieties were generally 
higher in 1969 than in 1968. This increase in yield occurred despite a 
drop in plant population goals from 15,700, 31,400, and 47,100 plants per 
acre in 1968 to 15,700, 24,000, and 31,400 plants per acre in 1969. It is 
quite possible the increased yields in the 1969 varieties were due to a 
combination of decreased rootworm stress and decreased plant competition 
factors. Growing conditions, as reflected in state yield averages, were 
also more favorable in 1969. 
Populations 
Plant population level had a significant effect on yield differences 
for the inbreds and single crosses in all years of the study. This signif­
icance appeared to arise from each of 2 different responses to an increase 
in plant population. 
Based on the means of all 14 varieties, the 1967 inbreds generally 
increased their yields as the plant population level was raised. A similar 
response was exhibited by the 1969 inbred lines (Table 25). The 1969 
single-cross means for yield showed an increase between the 15,700 and 
24,000 plant per acre levels but little yield increase occurred above this 
point. The 1968 inbreds and single crosses responded to plant population 
increase by exhibiting a general depression in grain yields (Tables 25 and 
2 6 ) .  
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It is not to be implied that all 14 inbred or single-cross varieties 
responded to population pressure in a similar manner. The degree of 
variation in yield (in response to plant population levels) for the 
individual inbred lines can be seen in Table 31. Yield data for the single-
cross varieties is presented in Table 32. 
Sites 
The level of rootworm infestation had a highly significant effect on 
grain yield for the inbred and single-cross varieties in all years of this 
study (Table 30). In the 1967 and 1968 inbreds (Table 25) and in the 1968 
single crosses (Table 26), the consistent response of the varieties to an 
increase in the level of rootworm infestation (from moderate to heavy) was 
a decrease in yield. The data in Table 31 show this response of the 1967 
and 1968 inbreds occurred in nearly every variety and at almost all plant 
population levels. Rootworm infestation certainly appeared to be an 
important factor in relation to inbred yield loss in these years. The 1968 
single crosses (Table 32) also suffered a substantial loss in grain yield 
as the level of the rootworm infestation was increased. Again, this yield 
reduction occurred for all varieties and at nearly all 3 plant population 
levels. 
In the 1969 inbreds and single crosses there was a significant increase 
in grain yield as the level of rootworm infestation was raised. This un­
expected response was believed to have resulted from the relatively low 
rootworm numbers at both levels of infestation. There also may have been 
a difference in soil fertility between the 2 sites which allowed the yield 
to increase under a light to moderate infestation. 
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Populations x sites 
The combined effects of the plant population and rootworm infestation 
factors resulted in statistically significant differences in grain yield 
for the 1967 inbreds and for the 1968 inbreds and single crosses (Table 
30). For these varieties the effect of increased rootworm and plant 
population stress was a very consistent reduction in yield (Tables 25 and 
26). This response can be seen in greater detail in Tables 31 and 32. 
Quite often, the lowest yield for any one of the 1967 or 1968 inbreds, or 
1968 single crosses, occurred at the higher level of rootworm infestation 
and at the highest plant population. It is believed that the variations 
in yield under these circumstances reflect, to a large extent, the genetic 
potential of the varieties to produce grain and to tolerate the stresses 
imposed by increased plant population and rootworm feeding. 
In 1969, the cumulative effects of the populations by sites (BC) inter­
action did not have a significant effect on yield. The response of the 
inbred and single-cross varieties to increased rootworm and plant population 
levels in 1969 was to slightly increase their grain yield. Again, the 
decreased influence of rootworms, due to their low numbers at the 1969 
sites, was believed to be primarily responsible for the observed varietal 
responses. The decreased rootworm pressure may have allowed yields to 
increase as the plant population vas raised and may have accounted for the 
observed response to sites. The reduced levels of plant population in 1969 
(i.e. the highest level was 31,400 plants per acre) may also have contrib­
uted to the yield increases by reducing the effects of plant competition. 
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Varieties x sites 
The cumulative effects of the varieties by sites (AC) interaction 
resulted in significant yield differences in all but the 1968 single 
crosses (Table 30). The lack of significance in the 1968 single crosses 
is not fully understood. However, it does appear in Table 32 (or in 
Figure 2) that comparing yields at each of the population and rootworm 
infestation levels, the major variation in the performance of the 14 single-
cross varieties is best explained by genetic variation. 
Populations x sites 
The populations by sites (BC) interaction was significant for grain 
yield in the 1968 inbreds and single crosses and in the 1969 inbreds 
(Table 30). Significance in the 1968 inbred and single-cross varieties may 
have resulted from the yields varying so widely between the lowest and 
highest plant population levels at the heavy level of rootworm infestation 
(Tables 31 and 32). This variation in yield was not as pronounced in the 
1967 and 1969 varieties lacking significance for this interaction. It is 
not understood why the 1969 inbreds showed significance. 
Analysis of covariance for grain yield 
In addition to the analysis of variance, an analysis of covariance 
(with plant count as the ccvariate) was performed on the grain-yield data. 
The purpose of the covariance analysis was, in effect, to try to minimize 
the influence of plant count (as it varied with the plant population levels) 
on grain yield. It was hoped that in this manner a clearer picture could 
be gained of how other factors were affecting grain yield. 
Varieties continued to show highly significant differences for grain 
yield (Table 33). The effect of the inbred and single-cross lines on yield 
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Table 33. Mean squares from analysis of covariance of yield with plant 
count as the covariate for inbred and single-cross corn varieties 
at Dayton, Iowa, plant population study sites in 1967, 1968, and 
1969 
Inbreds Single Crosses 
Source of Variation df 1967 1968 1969 1968 1969 
Varieties (A) 13 10.83** 15.26** 12.81** 17.67** 9.44** 
Populations (B) 2 7.46 0.24 0.27 19.51** 4.59* 
Sites (C) 1 154.26** 3.72* 27.68** 159.60** 33.68** 
Replications/Sites (D) 2 0.52 102.95** 0.36 2.80 0.76 
Pop. X Sites (BC) 2 0.65 0.11 1.16* 17.67** 0.76 
Pop. X Reps./Sites (BD) 4 1.09 6.14** 0.16 0.94 0.97 
Var. X Sites (AC) 13 20.77** 1.08 4.46** 1.86* 1.79 
Var. X Pop. (AB) 26 6.56* 1.92** 0.76** 5.81** 0.91 
Var. X Pop. X Site (ABC) 26 5.17 0.63 0.70** 1.57* 1.11 
Error 77 3.80 0.80 0.31 0.96 1.07 
* = significant at the 0.05 level, ** = significant at the 0.01 level. 
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was apparently more a result of their genetic potential for yield than it 
was a result of plant population factors. 
The use of plant count as the covariate should have removed any 
significant effects which plant population had upon yield. However, in 
the 1958 and 1969 single crosses plant population continued to be a highly 
significant factor. The explanation for the occurrence of this signif­
icance may lie in the fact that the analysis of covariance presupposes a 
linear relationship between plant population level and yield increase. 
Table 32 shows such a linear relationship seldom occurred in the 1968 and 
1969 single-cross varieties, regardless of the rootworm infestation level. 
As plant population increased, the general yield response of the varieties 
was actually more curvilinear than straight-lined. As plant populations 
were increased from a lower to a moderate level, yields generally increased 
and reached maximum levels for most of the single-cross varieties. At the 
medium and high population levels, yields for the majority of the varieties 
followed a general downward trend. Although the same general response 
pattern was noted in the inbred varieties (Table 31), the point at which 
yields stopped increasing along with plant population occurred at a lower 
population level for the single crosses than for the inbred varieties. It 
is believed that it was this emphasized curvilinear yield response shown 
by the 1968 and 1969 single crosses which led to the apparent failure of 
the analysis of covariance to minimize the effects of plant populations on 
yield. 
The levels of rootworm infestation (sites) remained as a cause of 
significant differences in yield after the effects of plant count were 
minimized (Table 33). Rootworms were thus considered a highly important 
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factor in determining grain yield under the conditions of this study. In 
the majority of the varieties planted in 1967 and 1968, an increased root-
worm level led to a reduction in yield. However, in the 1969 inbred and 
single—cross varieties yields were not reduced by an increased rootworm 
level. Significance appeared to arise only from the fact that yields were 
different at the 2 rootworm sites. The lack of response to increased root-
worm infestation was believed to result from lowered plant population levels 
and low rootworm numbers. 
Rootworm Life Forms 
An analysis of variance was performed on the rootworm life-form count 
data for the 1968 inbred varieties (Table 34) . The 1968 inbreds were 
selected for this analysis because they were subjected to a heavy rootworm 
infestation and were expected to reveal any significant variations 
in rootworm distribution. 
Rootworm count data from the 1967 inbred varieties were not included 
in this analysis because of differences in sampling procedure from the 1968 
inbred lines. Use of the 1969 rootworm count data was precluded by the 
fact that rootworms were present only in relatively low numbers in that 
year. 
Varieties 
In 1968, there were significant differences among the 14 inbred vari-
ties for the number of rootworm life forms found per plant (Table 34). 
This variation in the 1968 inbreds is evident in Table 35. Low rootworm 
numbers were especially associated with B37 and OhSlA, whereas B14A and 
B59 had the highest rootworm life-form counts. Although the reasons for 
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Table 34. Mean squares from analysis of variance of rootworm life-form 
counts for inbred corn varieties under a heavy rootworm 
infestation. Dayton, Iowa, 1968 
Source of Variation df 
Inbreds 
1968 
Varieties (A) 13 672.39** 
Populations (B) 2 410.37 
Replications/Sites (C) 1 385.58 
Varieties x Pops. (AB) 26 199.89 
Error 41 196.97 
** = significant at the 0.01 level. 
variation in rootworm numbers among the inbred varieties are difficult to 
delineate, it is believed that root-system characteristics may have been 
of some influence. In general, it appeared that inbred varieties with 
relatively flat (i.e. parallel with the soil surface) root systems and those 
which produced relatively few secondary roots were associated with the low­
est rootworm life-form counts. GhSlA, which produces a very flat, sparse 
root system, is a good example of this situation (Table 35). Inbred lines 
which developed relatively large root systems with many secondary roots 
generally had higher rootworm numbers. B14A, B59 (an early maturing version 
of B14A), B67, and SDIO all possess these characteristics and were found to 
have the highest rootworm life-form counts among the inbred varieties 
(Table 35). It may be that the larger, thicker root systems of these lines 
provide a more favorable environment for rootworm larvae than do the 
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Table 35. Rootworm life forms per plant for inbred corn varieties at 3 
plant populations under varying levels of rootworm infestation. 
Dayton, Iowa, 1967, 1958, 1969 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Variety Pop. Heavy Heavy Light Moderate 
A239 1 16 
2 6 
3 3 
A556 1 13 
2 13 
3 6 
A632 1 10 
2 17 
3 2 
B14A 1 15 
2 17 
3 17 
B37 1 22 
2 14 
3 2 
B57 1 12 
2 14 
3 9 
B59 1 11 
2 20 
3 7 
B65 1 22 
2 2 
3 4 
6 1 .4 
10 0 6 
8 0 5 
24 0 3 
16 1 4 
7 1 10 
10 0 6 
2 2  1 4  
14 0 6 
26 14 
26 0 3 
15 0 6 
8 2 7 
5 14
6 0 6 
12 0 5 
8 0 6 
16 0 3 
24 14 
2 1  1 5  
18 0 4 
1 1  2  4  
9  0  2  
6  1 4  
128 
Table 35 (Continued) 
1967 1968 1969 
Infestation Level Infestation Level Infestation Level 
Variety Pop. Heavy Heavy Light Moderate 
B67 1 22 
2 9 
3 2 
N6 1 40 
2 14 
3 11 
Oh43 1 15 
2 5 
3 2 
OhSlA 1 5 
2 15 
3 2 
SDIO 1 14 
2 11 
3 24 
W64A 1 10 
2 3 
3 5 
2 6  1 2  
15 5 
14 17
1 0  1 2  
12 0 5 
17 14
8 13 
2 1  1 5  
1 6  1 7  
1 0  1 4  
5 0 5 
9 0 6 
24 14 
24 1 6 
11 0 6 
7  0  6  
1 6  1 8  
6  1 7  
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systems of lines producing few secondary roots. Other factors which may 
have influenced the distribution of rootworm life forms among the inbred 
root systems were not evaluated. 
Populations 
Increasing the plant population level from 14,800 to 41,800 plants 
per acre did not significantly affect the number of rootworm life forms 
per plant in the 1958 inbred varieties. There did appear a general tend­
ency toward fewer rootworms per plant at the highest plant population level 
but this was highly inconsistent (Table 35). In the 1967 inbreds (Table 
35) and in the 1968 single crosses (Table 36) this trend toward few root-
worm forms per plant at the higher plant populations was more consistent. 
However, no pattern could be detected in relation to known root characteris­
tics of the individual varieties. 
Rootworm Oviposition 
In the spring of 1969, corn rootworm egg samples were taken from sites 
where the inbred varieties had been grown at 3 population levels (15,700, 
31,400, and 47,100 plants per acre) the preceding year. The purpose of 
the sampling was to determine whether the plant population levels, or the 
individual varieties, had influenced rootworm oviposition in 1968. Soil-
core samples were taken, as described in the methods section, from sites 
which were considered to have moderate and heavy rootworm infestation 
levels during the 1968 growing season. The egg-sample data are presented 
in Table 37. 
There was wide variation in the total number of eggs found in associa­
tion with the individual inbred varieties. Under moderate rootworm 
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Table 36. Rootworm life forms per plant for single-cross corn varieties at 
3 plant populations under heavy rootworm infestation. Dayton, 
Iowa, 1968 
1968 1968 
Infestation Level Infestation Level 
Variety Pop. Heavy Variety Pop. Heavy 
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B37 X B59 1  
2  
3  
1 1  
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Table 37. Rootworm eggs per soil-core sample from inbred corn varieties 
at 3 plant populations under varying levels of rootworm infesta­
tion. Spring of 1969 at Dayton, Iowa 
Infestation Level Infestation Level 
Variety Pop. Moderate Heavy Variety Pop. Moderate Heavy 
A239 1 7 26 B65 1 8 31 
2 10 13 2 2 25 
3 6 55 3 24 5 
A556 1 4 23 B67 1 12 29 
2 9 63 2 4 14 
3 12 12 3 10 10 
A632 1 7 17 N6 1 8 14 
2 15 13 2 53 8 
3 30 51 3 19 41 
B14A 1 3 9 Oh43 1 54 14 
2 4 13 2 26 118 
3 17 11 3 12 15 
B37 1 42 180 Oh51A 1 18 18 
2 17 7 2 9 31 
3 4 17 3 8 15 
B57 1 33 22 SDIO 1 9 0 
2 42 18 2 4 0 
3 19 25 3 30 29 
B59 1 14 26 W64A 1 77 13 
2 25 52 2 21 36 
3 10 8 3 37 142 
infestation the total number of eggs from 3 core samples ranged from 23 for 
A239 to 135 for W64A. With a heavy rootworm infestation the total egg 
numbers ranged from 29 for SDIO to 204 for B37 (Table 37). The varieties 
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which most consistently showed high numbers of rootworm eggs were W64A and 
Oh43 (Table 37). B37, under heavy rootworm infestation conditions, also 
had a large number of eggs. The inbred lines which were consistently as­
sociated with low egg numbers., whether under moderate or heavy infestation, 
were B14A, B67, and SDIO. 
The distribution of eggs among the remaining corn varieties appeared 
to follow no definite pattern and a high degree of variability was found. 
Why some of the varieties were associated with consistently high or low 
rootworm egg numbers is not fully understood. The varieties with high egg 
numbers may have been attractive, in some way, to ovipositing rootworm 
females. Relative plant maturity and the availability of pollen and silks 
as a food source may have been important factors during rootworm ovi-
position. The varieties associated with low egg numbers may have been too 
mature to be attractive food sources during the period of rootworm ovi-
position activity. SDIO, an early maturing inbred, was associated with 
low rootworm egg numbers. However, B67, which also had relatively few 
rootworm eggs, is a fairly late maturing variety. It is possible that 
much of the variability in egg numbers may have been due to the sampling 
technique. Also, the values for each variety in Table 37 represent only 3 
sample cores. Increasing the number of core samples may have reduced the 
apparent variability. 
The level of plant population in the 1968 corn inbreds did not have 
a consistent influence on the distribution of rootworm eggs among the 
individual inbred varieties (Table 37). Although a few of the varieties 
seemed to be associated with more rootworm eggs at 1 of the 3 plant 
population levels, no definite trends were noted under either rootworm 
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infestation level. The sampling technique used and the relatively few 
samples taken may help explain these results. 
In general, the 14 inbred lines under a heavy rootworm infestation in 
1968 had more eggs than the varieties grown under conditions of a moderate 
infestation. 
Rootworm egg samples also were made in the fall of 1969, after ovi­
position activity had been completed. Although these samples came from an 
area of relatively light rootworm infestation, more rootworm eggs were 
found than in the 1968 inbreds. The fact that plant population levels were 
lower in 1969 may have had some influence on this latter occurrence. How­
ever, it is not known to what extent the population levels influenced 
important oviposition factors such as soil moisture. Egg numbers ranged 
from an average of 15 per sample core for A239 to 215 for B65 (Table 38). 
Again, few trends could be noted in egg distribution among the 14 
inbred lines. W64A was the only line which showed relatively high total 
egg numbers after both the 1968 and 1969 oviposition periods. Oh43, which 
had many rootworm eggs after the 1968 season, had the fewest total eggs in 
1969. B14A, which had consistently low egg numbers in 1968, had high 
numbers of eggs in 1969. 
In general, none of the trends in the 1968 egg count data were upheld 
by the samples made after the 1969 growing season. It was concluded that 
the varieties either differed in their ability to iflfluence oviposition or 
the method of sampling was not able to detect any present trends. 
In 1969, increasing the plant population levels from 15,700 to 31,400 
plants per acre had no consistent effect on increasing or decreasing root-
worm egg numbers among the 14 inbred varieties (Table 38). Total egg 
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Table 38. Rootworm eggs per soil-core sample from inbred corn varieties 
at 2 plant populations under a light level of rootworm infesta­
tion. Fall of 1969 at Dayton, Iowa 
Variety Pop. 
Infestation Level 
Light Variety Pop. 
Infestation Level 
Light 
A239 1 15 B65 1 215 
2 2 
3 33 3 28 
A556 1 41 B67 1 26 
2 2 
3 19 3 53 
A632 1 67 N6 1 26 
2 2 — 
3 54 3 29 
B14A 1 30 Oh43 1 29 
2 2 
3 106 3 16 
B37 1 18 Oh51A 1 96 
2 — 2 
3 48 3 30 
B57 1 32 SDIO 1 28 
2 2 — 
3 17 3 125 
B59 1 36 W64A 1 25 
2 — — 2 
3 16 3 105 
numbers for all 14 inbred varieties under low and high plant population 
levels in 1969 were very nearly equal. 
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Leaf Analysis 
In August of 1968, corn leaf samples were taken from 3 representative 
inbred lines in the plant population study for the purpose of analyzing 
their leaf nutrient status in response to plant population pressure. Data 
from the nutrient element analyses for B59, B65, and Oh43 are presented in 
Tables 39 and 40. 
Table 39 presents leaf analysis data from the varieties when they 
were subjected to a heavy rootworm infestation level and were fertilized 
with 230-100-100 pounds per acre of N, P, and K, respectively. As expected, 
increasing the plant population from 15,700 to 47,100 plants per acre 
resulted in decreased plant nitrogen levels. The decrease in leaf N at the 
higher plant population levels indicated an apparent deficiency in avail­
able soil nitrogen. However, it is not known how much root pruning, by 
rootworm larvae, may have affected the ability of these inbred varieties 
to remove nitrogen from the soil. When the rootworm population was reduced 
to a moderate level (with a soil insecticide) and the application rates of 
N, P, and K were increased to 285-140-140 pounds per acre, a nitrogen 
deficiency was no longer apparent at the higher plant population levels 
(Table 40). It is believed that fertilization level, rather than a reduced 
rootworm infestation, was the primary reason for this response. Under 
conditions of increased fertilization (Table 40) the corn leaf samples 
generally showed higher nitrogen percentages at each inbred population 
level than they did with lower fertilization levels (Table 39). 
Phosphorus showed only very slight indications of deficiency at the 
higher plant population levels. Decreases in P at higher populations 
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Table 39. Nutrient-element analysis from leaves of selected corn inbreds 
planted at 3 population levels under a heavy rootworm infesta­
tion. Dayton, Iowa, 1968 
Leaf Nutrient Elements^ 
Percentage ppm 













2 3 59 38 24 39 
4 4 120 43 25 115 
3 2.8 0.24 2.6 1.00 0.38 6 6 175 46 20 45 
B65 1 2.6 0.16 2.3 0.56 0.31 12 2 49 38 18 13 
2 2.3 0.17 2.8 0.90 0.34 13 4 51 41 21 20 
3 2.3 0.16 3.2 0.80 0.35 10 4 59 35 21 24 
Oh43 1 3.0 0.20 2.6 1.00 0.29 24 1 67 41 22 8 
2 2.6 0.14 2.6 0.82 0.32 18 3 69 40 19 19 
3 2.3 0.19 2.8 1.30 0.40 19 4 85 46 21 45 
^N, P, and K fertilizer elements were applied prior to planting at 
rates of 230-100-100 pounds per acre, respectively. 
occurred primarily in the inbred line Oh43 (Table 39) and in 559 (Table 40). 
Increasing the rate of phosphorus application from 100 to 140 pounds per 
acre resulted in more P being found in the inbred corn leaves at each of 
the plant population levels. 
In general, the leaf analysis data showed potassium levels to be in­
creased at the higher plant population levels. An exception to this trend 
occurred in B59 under the higher rate of N, P, and K fertilization (Table 
40). Apparently plant population stress was not great enough to cause K 
deficiency under the conditions of this study. The level of rootworm 
infestation also did not appear to have an effect on K percentage in the 
leaf samples. 
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Table 40. Nutrient-element analysis from leaves of selected corn inbreds 
planted at 3 population levels under a moderate rootworm infesta­
tion.& Dayton, Iowa, 1968 
Leaf Nutrient Elements^ 
Percentage ppm 
Variety Pop. N P K Ca Mg B Cu Fe Mn Zn A1 
B59 1 3.2 0.25 2.6 1.6 0.46 7 7 130 49 38 110 
2 3.5 0.24 2.2 0.9 0.39 3 5 61 39 28 3 
3 3.2 0.24 2.0 1.3 0.49 3 7 100 41 25 30 
B65 1 2.8 0.18 2.2 1.2 0.33 13 4 77 49 32 8 
2 2.7 0.21 2.6 1.2 0.43 18 4 60 40 22 8 
3 2.8 0.23 2.8 1.1 0.49 20 7 69 40 23 7 
Oh43 1 2.9 0.21 2.4 1.1 0.25 18 3 77 42 32 6 
2 3.1 0.23 2.6 1.4 0.37 17 4 71 38 22 8 
3 3.0 0.23 2.8 1.2 0.35 17 5 68 40 20 5 
^Bux 10® insecticide was applied as a broadcast treatment at a rate of 
3 pounds of actual toxicant per acre for corn rootworm control. 
^N, P, and K fertilizer elements were applied prior to planting at 
rates of 285-140-140 pounds per acre, respectively. 
Although zinc levels (in ppm) tended to be diluted by increased plant 
populations, the other nutrient elements were not greatly affected under 
the relatively good fertility conditions of this study (Tables 39 and 40). 
No attempt was made to analyze the nutrient response differences 
exhibited by the 3 inbred varieties. It is believed that most varietal 
differences indicated by the leaf analyses were the result of such vari­
ables as fertilization levels, rootworm infestation, climatic conditions, 
and inbred maturity at the time of sampling. 
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Soil Fertility Influences on 
Rootworm Abundance, Root-System Damage, and Root-System Size 
Rootworm abundance 
To evaluate the possible relationship between soil fertility level 
and corn rootworm abundance, 10 root systems were examined from each of 27 
plots at 2 different sites. Samples were taken July 6 and 7, 1968, from 2 
of the 7 fertility sites where a preliminary investigation had revealed a 
fairly high rootworm infestation level. For convenience, the data on corn 
rootworm abundance have been averaged for the 2 sites examined and have 
been presented as rootworm life forms (i.e. larvae, pupae, or adults) per 
plant (Figure 3). It is believed that averaging data from the 2 sites did 
not significantly alter the results. The relationship between each of the 
fertilizer elements (N, P, or K) and the number of rootworm life forms per 
plant have been presented separately for reasons of clarity and to try to 
help identify the effects of the individual fertilizer components at their 
various rates of application. It is not to be inferred that N, P, and K 
act independently under field conditions. On the contrary, it is believed 
that the effects of these primary fertilizer elements may be highly inter­
related. The darker bars in Figure 3 (where N = 100, P = 30, and K = 60 
pounds per acre) indicate the rates of fertilizer application which are 
quite commonly used in Iowa and are considered to be relatively normal or 
standard application rates. In this study, fertilizer rates indicated to 
the right of these darker bars were generally considered relatively high 
rates of fertilization while those to the left were considered low rates. 
As the level of nitrogen application was increased from 0 to 200 
pounds per acre, there appeared to be a slight but inconsistent increase 
Figure 3. Rootworm life forma per plant averaged over 2 western-Iowa sites under varying levels of 
N, P, and K fertilizer elements. July 6, 1968 
2 5 -1 
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in the number of rootworm forms per plant (Figure 3). The highest root-
worm numbers were found in association with the 50 pound per acre rate of 
nitrogen fertilization. The fewest rootworm life forms were found where 
no nitrogen fertilizer had been applied. The available, indigenous ni­
trogen in the soil at the fertility-rootworm study sites was reported by 
Voss (1969) to range from 52 to 75 pp2m in the top 6 inches of the soil. 
The level of available, indigenous phosphorus at the study sites was 
considered by Voss to range from "low-medium" to "high" (24 to 83 pp2m) in 
the upper 6 inches of the soil. An increase in the number of pounds (0 to 
60) of phosphorus applied per acre was not associated with an increase in 
rootworm numbers (Figure 3). In fact, it appeared that lower levels of 
phosphorus may have favored rootworms; especially at the 15 pound per acre 
application rate. 
Although the level of naturally occurring potassium was high at the 
rootworm-fertility study sites (230 to 420 pp2m in the upper 6 inches of 
the soil), increasing the rates of applied K fertilizer resulted in a slight 
increase in rootworm numbers found in the root-system samples (Figure 3). 
An application of 90 pounds of K per acre was associated with the highest 
number of rootworm life forms. 
In Figure 3, the relationship between rootworm numbers and each of the 
N, P, and K fertilizer elements was based upon a sample of 540 plants ; Al­
though this may have been a sufficiently large sample for the purposes 
intended, the true relationships between soil fertility levels and rootworm 
numbers may have been obscured by the fact that unequal numbers of root 
systems were used to evaluate each rate of fertilizer application. Vari­
ation in sample size (40 to 200 plants) resulted primarily from the nature 
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of the statistical design employed. It is also possible that the dry soil 
conditions at the sites sampled may have masked some of the relationships 
between rootworm life forms and soil fertility. 
Root-system damage 
Figure 4 presents root-damage data for corn root systems taken July 6, 
1968, from the 2 fertility-study sites evaluated specifically for rootworm 
life forms. Again, the data have been averaged over the 2 sites. In 
general, the level of rootworm damage was quite high at these sites and 
reflected the presence of high rootworm numbers (Figure 4). 
There appeared to be no relationship, positive or negative, between 
the rate of applied nitrogen fertilizer and root-damage rating values 
(Figure 4). The drop in the root-damage level at the 200 pound per acre 
rate of N fertilization was considered too small to be of significance. 
Nitrogen at this high level may have been more influential in promoting 
root-system size than in reducing root damage. 
Increasing or decreasing the rate of phosphorus application between 0 
and 90 pounds per acre did not greatly affect the July 6 root-damage rating 
values shown in Figure 4. These results are somewhat in disagreement with 
those reported by Voss (1969). Voss found that higher rates of fertilizer 
P were associated with increased rootworm damage. Turpin (personal 
communication) found that lower levels of P were accompanied by slightly 
increased root-damage levels. However, these results were based upon 
samples from many different Iowa soil types. In addition, the results of 
Voss and Turpin were based upon root systems evaluated late in the growing 
season after most of the rootworm feeding damage had been accomplished. 
The July 6 samples (Figure 4) were taken while rootworm larvae were still 
Figure 4. Root-damage rating per plant averaged over 2 western-Iowa sites under varying levels of N, 
P, and K fertilizer elements. July 6, 1968 
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actively feeding on the corn root systems. It is possible, therefore, that 
time of sampling could have accounted for the noted differences in the 
effect of phosphorus on root damage. 
There appeared to be a positive relationship between applied potassium 
and root-damage rating values (Figure 4). This is in agreement with the 
findings of Voss (1969) and Turpin (personal communication). Voss reported 
a statistically significant increase in root damage as more K was added to 
the soil. At this point it should be remembered that the soils of the 
Marshall and Monona-Ida-Hamburg soil associations are naturally high in K 
content. The levels of potassium resulting from added fertilizer were thus 
very high; especially when 60 to 120 pounds of K were applied per acre. It 
is not known whether such high levels of K improved rootworm survival and 
feeding conditions or may just have magnified the effects of the damage 
done by placing a stress upon the corn root systems. 
Figure 5 presents root-damage ratings per plant from insecticide 
treated and untreated plots averaged over 7 western-Iowa sites where vary­
ing rates of N, P, and K were applied. The shaded portion of each bar in 
Figure 5 indicates the root-damage rating at that particular level of 
fertilization when a rootworm insecticide was used-.- The unshaded bar por­
tions represent increases in root damage when no soil insecticide was 
applied- The rootworm insecticide appeared to be effective in reducing 
root-feeding damage at all fertility levels. 
The root—damage data in Figure 5 were collected August 7, 1968, follow­
ing the main period of root—feeding activity. The results were much like 
those in Figure 4 where samples were taken during the peak period of larval 
activity. However, the average damage—rating values were higher for the 
Figure 5. Root-damage rating per plant in insecticide treated and untreated plots averaged over 7 
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root systems sampled August 7. This was believed to be due to the in­
creased time of exposure of the later-sampled root systems to rootworm 
feeding pressure. 
In the plots where no soil insecticide was applied, nitrogen showed 
little influence on the amount of rootworm feeding damage. There was a 
reduction in root-damage ratings as the level of N was increased from 100 
to 150 pounds per acre. However, this trend did not continue at the 200 
pound per acre application rate. The near-drought conditions, which oc­
curred at many of the study sites during the latter part of the season, may 
have influenced the utilization of the applied nitrogen and affected its 
ability to promote root-system vigor and tolerance to root-feeding damage. 
No definite relationship between the level of phosphorus and root-
damage ratings was found (Figure 5). Root damage appeared greatest in 
plots where no commercial P fertilizer was added to the soil. However, 
damage ratings were nearly as high when 60 pounds per acre were applied. 
Increasing the already high level of soil K resulted in an apparent 
increase in the amount of rootworm damage per plant over the 7 study sites 
(Figure 5). These results agree with those in Figure 4 and with those 
reported by Voss (1969). Turpin (personal communication) found the same 
positive relationship between root-damage ratings and increased level of K 
ever a variety of Iowa soil types, 
Root-system size 
Figure 6 presents data concerning the relationship between root-system 
size and the level of applied N, P, and K fertilizer elements. The root-
system samples from 2 of the 7 western-Iowa study sites were dug and rated 
for size in early July. The root-size data were averaged for the 2 sites. 
Figure 6. Root-system size rating per plant averaged over 2 western-Iowa sites under varying levels 
of N, P, and K fertilizer elements. July 6, 1968 
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It was expected that as the rate of applied nitrogen was increased 
from 0 to 200 pounds per acre the size of the root systems would show a 
general increase. There was a marked size increase as the rate of applied 
N was raised from 100 to 150 pounds per acre (Figure 6). However, there 
was not a continued increase in root-system size above this level. The 
decrease in system size between the 150- and 200-pound levels of N per acre 
is difficult to explain. Perhaps a lack of sufficient soil moisture was a 
contributing factor. At the time of the July 6 sampling, the top 6 inches 
of soil were relatively dry. This condition may have influenced the avail­
ability of nitrogen to the root systems. In addition, the early-July sam­
pling date may have been too soon in the growing season for the medium-
maturity corn hybrid (DeKalb XL361) to have attained its full root-system 
development. 
No apparent influence of applied phosphorus upon root-system size was 
noted above the 30 pounds per acre rate (Figure 6). However, the 0- and 15-
pound applications were associated with decreased root-system size. This 
emphasizes the fact that the corn plant requires applied phosphorus for 
early root growth. 
On the basis of 270 root systems from the 2 sites sampled July 6, no 
definite relationship could be detected between potassium level and root-
system size. 
Figure 7 presents root-system size data from insecticide treated and 
untreated plots averaged over 7 western-Iowa sites where varying levels of 
N, P, and K fertilizer nutrients were applied. The shaded portions of the 
bars in Figure 7 represents the root-system size ratings when no soil 
insecticide was applied for corn rootworm control. The unshaded portion 
Figure 7. Root-system size rating per plant in insecticide treated and untreated plots averaged over 
7 western-Iowa sites under varying levels of N, P, and K fertilizer elements. August 7, 
1968 
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of each bar represents the increase in root-system size which occurred when 
a rootworm insecticide was used. This insecticide-associated size increase 
occurred at every level of nutrient element application. 
The data for Figure 7 were collected near the end of the period of 
vegetative growth for the corn plant (August 7) and represent a total of 
945 root systems. In general, the size of the root systems was considered 
to be smaller than normal. This fact was attributed to the dry soil condi­
tions which occurred during the latter part of July and in early August. 
The higher rates of N fertilizer failed to consistently increase root-
system size where no soil insecticide was applied. The 150 pound per acre 
rate of N was associated with the largest root-system size values but this 
trend did not continue at the 200 pound per acre rate. Voss (1969) found 
that root-system size was significantly increased at 3 of 6 fertility-
rootworm sites. He reported that most of the size increase occurred at the 
higher rates of N. The lack of a consistent response to increased nitrogen 
in Figure 7 may have been the result of a period of considerable moisture 
stress which occurred at many of the study sites during the latter part of 
the growing season. This stress condition may well have reduced the 
response of the root systems to the applied fertility levels. 
There appeared to be no consistent change in root-system size in 
response to varying levels of phosphorus fertilizer. It did appear, how­
ever, that the extreme levels of P (0 and 60 pounds per acre) were asso­
ciated with the smaller root-size rating values. Voss (1969) also reported 
inconsistent response to applied P. Because higher numbers of rootworm 
life forms were found to be associated with low levels of P (Figure 3), it 
was considered a possibility that such conditions may have contributed to 
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the decreased root-size ratings at the lowest level of phosphorus applica­
tion in Figure 7. However, the fact that low phosphorus levels were 
associated with small root systems, regardless of whether a soil insecticide 
was or was not used, indicated this was not a rootworm related response. 
Moisture stress may have been an important factor influencing the effect 
of phosphorus on root-system size. 
There appeared to be a general increase in root-system size as the 
rate of applied K fertilizer was increased (Figure 7). This response 
would not be expected if higher rootworm numbers and root-damage ratings 
were also favored by increased potassium. However, the magnitude of the 
root-size increase in this case is such that no definite conclusions can 
be drawn. The interplay of other fertility factors no doubt are important 




Plant Population Study 
A plant population study was conducted in 1967, 1968, and 1969 :o 
evaluate the influence of corn rootworms upon specific characteristics of 
inbred and single-cross corn varieties planted at different population 
levels. Plant factors which were evaluated included: root-system damage, 
root-system size, secondary-root development, plant count, ear count, 
lodging, and grain yield. The influence of plant population level upon 
rootworm abundance and oviposition also was investigated. Corn leaf samples 
were analyzed to determine the nutrient-element status of selected inbred 
varieties in response to plant population stress. 
In the plant population study, 14 inbred and 14 single-cross varieties 
were planted at population goals of 15,700, 24,000, 31,4.00, and 47,100 
plants per acre. The desired stand levels (from lowest to highest) were 
attained by spacing plants in the row at intervals of 20, 13, 10, and 6.7 
inches, respectively. A row width of 20 inches was maintained throughout 
the study. 
The populations of corn varieties were subjected to contrasting levels 
of rootworm infestation each year. Relatively high infestation levels were 
made possible by planting corn in areas which had been planted with a trap 
crop of late-maturing corn the preceding season. Sites with relatively 
few rootworms were provided through crop rotation management and the use 
of a soil insecticide. 
The effects which rootworm infestation and plant population stress had 
upon root-system damage, root-system size, and secondary-root development 
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were evaluated by using rating systems developed at Iowa State University. 
Grain yield was determined on the basis of ear weight, moisture percentage 
in the grain, and plot size. Relative rootworm abundance was determined 
in early July by examination of the soil surrounding the corn root systems 
and counting the number of larvae, pupae, and adults. Following the 
completion of oviposition activity, rootworm egg samples were taken from 
the plant population areas with a soil-core sampling device. 
Corn leaf samples were taken in early August during the mid-period of 
silking. Leaves growing opposite and immediately below the main ear shoots 
were used in the nutrient analyses. 
An analysis of variance was performed for each of the plant-related 
factors in this study. The purpose of the analyses was to determine the 
presence or absence of significant variations in response to rootworm, plant 
population, and varietal influences. 
Root damage 
Increasing the level of rootworm infestation resulted in increased 
root-system damage at all populations of inbred and single-cross varieties. 
Significant differences for root-system damage among the inbred varieties 
was believed to be related to their inherent genetic ability to produce 
root systems of varying morphology. Single-cross varieties exhibited less 
rootworm damage than the inbred lines as a result of their generally larger 
and more vigorous root systems. 
Increases in plant population were generally associated with small 
increases in root—damage ratings. This response may have resulted from the 
root systems having been reduced in size by plant .population- stress. 
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The combined effects of increased rootworm infestation and plant 
population resulted in the highest levels of root-system damage. 
Root-system size 
As the level of rootworm infestation was increased, there was a signif­
icant reduction in the size of the inbred and single-cross root systems. 
This was especially true in 1967 and 1968. Low rootworm levels and 
decreased plant populations made root-size reduction less apparent in 1969. 
Higher plant populations seldom failed to result in decreased root-
system size, regardless of the level of rootworm infestation. This size 
reduction was concluded to La primarily the result of inter-plant competi­
tion for space, water, light, and soil nutrients. 
In all years, single crosses produced larger root systems than the 
inbred lines when both were exposed to the same rootworm and plant popula­
tion stresses. The combination of high rootworm and plant populations 
resulted in the smallest root-system sizes for the majority of the inbred 
and single-cross varieties. 
Secondary-root development 
Increasing the level of rootworm infestation did not consistently 
result in decreased secondary-root development for all varieties. However, 
there was a general trend toward reduced secondary-root production when 
rootworm numbers were high. It was found that, in some varieties, rootworm 
damage to the root tip, or growing point, frequently increased secondary-
root development. 
The general response of the inbred and single-cross varieties to an 
increase ir. plant population was a reduction in the number of secondary 
roots produced. The combination of increased rootworm levels and plant 
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population stress consistently was associated with low secondary-root 
rating values. It was concluded that secondary-root production is a 
genetic characteristic whose expression can be influenced by environmental 
factors. 
Plant count 
Significant differences in plant count for the same population levels 
were found to be associated with sites (levels of rootworm infestation). 
However, because rootworms were not considered to be a mortality factor in 
this study, most site differences in plant count were believed to be due 
to germination-related factors. As expected, high plant populations 
resulted in higher plant counts for all varieties. This was an indication 
that efforts to provide contrasting experimental plant populations were 
successful. 
Ear count 
The number of ears produced by the inbred and single-cross varieties 
was consistently reduced at the higher rootworm infestation levels. Under 
conditions of relatively light rootworm infestation (1969), the com vari­
eties produced more grain ears as population levels were raised. 
Stress conditions produced by high plant population often resulted in 
reduced grain-ear production and in some instances caused barrenness (lack 
of ear production). In general, inbred varieties appeared to be more sus­
ceptible to barrenness than the single-cross lines. The ability of the 
single crosses to tolerate high population and rootworm levels was believed 
to be due to genetically-related factors of hybrid vigor. 
The corn varieties exhibited differential ear production under similar 
growth conditions. Thif response was especially expected for the inbred 
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lines since inbred selection programs have only recently emphasized the 
genetic ability to produce ears at high population levels. Rootworm and 
plant population stress, acting together, seldom failed to reduce ear 
production. 
Lodging 
Rootworm infestation level was the most significant factor influencing 
root lodging. Increased rootworm levels in 1967 and 1968 resulted in 
higher lodging percentages. However, in 1969 increased lodging was asso­
ciated with low rootworm levels. Generally decreased rootworm numbers and 
a severe wind and rainstorm were believed to be the cause of this un­
expected response in 1969. Increases in plant prpulation did not consist­
ently increase root lodging. 
There were significant differences among the corn varieties with 
regard to lodging percentage. These differences were thought to arise from 
variations in the genetic and morphological characteristics of the inbred 
and single-cross lines. 
Grain yield 
Rootworm infestation level was found to be a highly important factor 
in determining grain yield under the conditions of this study. In the 
majority of the inbred and single-cross varieties planted in 1967 and 1968, 
an increased rootworm infestation was associated with reduced grain yield. 
In 1969, however, varietal yield levels were not decreased by rootworms. 
This lack of yield response was believed to have resulted from the rel­
atively low rootworm numbers and decreased plant population levels in 1969. 
The effects of plant population and rootworm infestation on grain 
yield appeared to be closely inter-related. Under a light level" of rootworm 
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infestation, an increase in plant population generally increased grain 
yield. Moderate to heavy rootworm levels combined with high plant popula­
tions to generally reduce grain yields. 
Inbred and single-cross varieties had significantly different grain 
yields when exposed to similar growth conditions. Such variation in 
ability to yield was not unexpected since the selection of the varieties 
for this study was not based upon this characteristic. 
Rootworm life forms 
The number of rootworm life forms (larvae, pupae, and adults) found 
per plant in the 1968 inbreds was not significantly affected by increasing 
plant population levels. Expected decreases in rootworm forms per plant 
did occur as plant population levels were increased, but this was not a 
consistent response. 
There were significant differences in the number of rootworm life 
forms found in association with the inbred lines in 1968. It appeared that 
inbred varieties with relatively flat (parallel with the soil surface) , 
sparse (few secondary roots) root systems were associated with low root-
worm numbers. Varieties producing larger root systems with many secondary 
roots generally had higher rootworm numbers. 
Rootworm oviposition 
No consistent evidence was found which indicated that any of the inbred 
varieties had a definite influence on the pattern of rootworm oviposition 
in 1968 or 1969. The inbred line W64A was the only variety which was asso­
ciated with high numbers of rootworm eggs in both years. It is believed 
that the relative attractiveness of any variety toward ovipositing rootworm 
females is closely related to plant maturity factors. 
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Fiant pupulation level failed to have a consistent effect on the 
distribution of rootworm eggs in the field. Under the conditions of this 
study it cannot be concluded that plant population is an oviposition-
influencing factor for corn rootworms. 
Leaf analysis 
Leaf-nutrient analysis data indicated that plant-nitrogen levels were 
decreased by the combined effects of plant population stress, relatively 
low nitrogen fertilization, and a heavy rootworm infestation. Phosphorus 
levels were not consistently decreased by the plant population levels in 
this study. Potassium percentages were slightly increased at higher popula­
tions. This increase may be interrelated with the decrease in N levels. 
In general, nutrient elements other than N, P, and K were not greatly 
affected by plant population stress. 
Soil Fertility Study 
In 1968, a soil fertility study was conducted to evaluate the rela­
tionship between varying rates of applied nitrogen, phosphorus, and potas­
sium fertilizer elements and the abundance of corn rootworms. The effect 
of varied fertility levels on root-system damage and root-system size also 
was investigated. 
The N, P, and K fertilizers were applied at rates ranging from 0-200 
lbs/A, 0-60 lbs/A, and 0-120 lbs/A, respectively. All treatment combina­
tions were formulated on a weight basis and were broadcast over the plots 
just before plowing in the spring. Treatments were randomized on the basis 
of a "1-1/2 cube" with the "star points" replicated statistical design (a 
form of central composite design). Relative rootworm abundance was 
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determined in mid-July by counting larvae, pupae, and adults in soil sam­
ples. Corn root systems were evaluated for rootworm feeding damage and 
root-system size by using rating scales developed at Iowa State University. 
In general, the data from the soil fertility study sites did not offer 
a very positive picture of fertilizer-rootworm interaction. Although a few 
trends did appear, the lack of large differences made drawing definite 
conclusions difficult. The extremely dry conditions which existed during 
the latter part of the growing season were believed to have been partially 
responsible for the lack of response differences. 
Nitrogen appeared to have little influence upon rootworm numbers and 
root damage. Root size tended to increase as the rate of applied nitrogen 
was increased but the response was not consistent. 
Low levels of phosphorus appeared to be associated with slightly 
increased numbers of corn rootworm life forms. Such increases, however, 
were only weakly reflected in the root-damage values at the same levels of 
P fertilization. The higher rates of phosphorus application generally 
favored increased root-system size. 
Potassium was the fertilizer nutrient showing the strongest influence 
upon rootworm-related factors. An increase in the level of applied K (from 
0 to 120 pounds per acre) was often accompanied by a small increase in the 
amount of root-system damage. Rootworm life forms per plant generally 
followed the same response pattern. There was no definite relationship 
between the level of potassium and root-system size. 
Despite a lack of clear-cut differences, it should not be concluded 
that varying the levels of N, P, and K soil nutrients does not influence 
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field investigations over a broader range of soil, management, and climatic 
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